This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


HANDBOOK 

OF 

MODERN     CHEMISTRY 

INORGANIC    AND    ORGANIC. 

Ifor  %  trst  of  S>tuirents. 


CHARLES  MEYMOn  TIDY,  M.B.,  F.C.S., 

Profeuor  of  Chemittrp  ^  of  Medical  Jurisprudence  4r  PubHe  Health  at  the  London  Hospital; 

Medical  Officer  of  Health  for  Islington; 

Late  Deputy  Medical  OJleer  of  Health  A  PuhHe  Analyst  for  the  City  of  London ; 

Master  of  Surgery,  ^c,  4re.,  4"c. 


PHILADELPHIA: 
•     LINDSAY   AND   BLAKISTON. 

1§J£. 


TO  NEW  YOHK 
PUBLIC  LIBRARY 

191871 A 

A5TOR.   Lr.NOX   AND 

TILDEN  FOL  ..DATlD.NS 

R  1&25  L 


LOWDoir : 

PRINTED  BT  WCRTHXIMBB,  IMA  AND  CO., 
CIBCUS  PLACE. 


TO 

HENEY  CLIFTON  SOEBY,  F.E.S., 

Freaident  of  the  Oeologieal  Society^  fe,f  fe. 


48,  Queen  Anne  Street, 

Cavendish  Square,  W. 

April,  1878. 
My  dear  Mr.  Sorby, 

Our  long  friendship  would  of  itself  be  sufficient  reason  for 
my  desiring  to  dedicate  this  work  to  you. 

The  high  position  you  have  attained  in  the  scientific  world  adds, 
however,  a  deep  sense  of  pride  to  my  feeling  of  pleasure  in  seeing 
your  name  upon  its  opening  page.  Most  truly  do  I  wish  that  those 
who  study  its  contents  may  find  some  slight  reflection  of  that  re- 
markable accuracy  of  thought  and  work,  of  which  all  that  you 
have  done  and  written  affords  so  brilliant  an  example. 

Believe  me, 

My  dear  Mr.  Sorby, 

Ever  sincerely  yours, 

C.  MEYMOTT  TIDY. 


PREFACE. 


When  an  author  writes  a  new  book  on  a  subject  upon  which 
so  many  good  books  have  been  akeady  written,  he  is  expected 
to  give  some  reason  for  doing  so. 

I  venture,  therefore,  to  plead  my  apology  for  the  publication  of 
these  outlines  of  Chemistry.  Within  three  months  of  graduat- 
ing— in  other  words,  when  "fresh  from  the  schools  " — I  was  ap- 
pointed Joint  Lecturer  on  Chemistry  with  the  late  Dr.  Letheby, 
at  the  London  Hospital  Consequently,  my  first  lecture-notes 
were  prepared  when  familiar  by  practical  experience  with  the 
wants  of  a  student.  Year  by  year,  these  notes  have  been  added 
to,  and,  to  some  extent,  re- written ;  nevertheless,  except  in  a  few 
instances,  I  have  strictly  adhered  to  the  general  plan  I  first 
adopted.  I  submit  these  lecture-notes  to  the  profession  as  the 
joint  experience  of  a  student  and  a  teacher. 

In  the  first  section  of  this  work,  I  have  considered  the  chem- 
istry of  the  non-metals;  in  the  second,  the  chemistry  of  the 
metals  ;  and,  in  the  third,  the  chemistry  of  organic  bodies. 

Before  proceeding  to  details,  I  have  in  each  case  general- 
ized largely  on  the  subject  matter  of  the  section.  Thus,  as  in- 
troductory to  the  science  of  chemistry  generally,  and  before 
describing  the  metalloids,  I  have  discussed  at  some  length  the 
subject  of  chemical  affinity.  In  a  similar  manner,  I  have  general- 
ized on  the  metals  and  on  the  chemistry  of  organic  bodies,  before 
proceeding  to  the  consideration  of  the  several  elements  or  com- 
pounds comprehended  under  the  sections.  Nothing  to  my  mind 
is  more  important  than  for  teachers  and  students  to  grasp  the 
notion  that  the  lecture-room  is  not  the  same  as  the  study — in 
other  yfords,  that  the  lecture  will  not  take  the  place  of  t\ie  \300k,         ^ 
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any  more  than  the  b^ok  can  take  the  place  of  the  lecture.     Each 
has  its  own  special  work  in  education.     Thus  it  appears  to  me 
that  in  the  lecture-room  the  work  of  the  teacher  is  best  fulfilled  ^ 
hy  sketching  accurately,  yet  broadly,  the  general  outlines  of  the  W 
whole  subject,  intensifying  them  where  necessaiy  by  illustration 
aild  experiment  (in  fact,  so  to  speak,  covering  the  cauvas),  leav- 
ing the  student,  in  the  quiet  book-work  of  the  study,  to  fill  in^J 
the  minute  details  for  himself.     With  this  view^  of  the  ditferent  ■ 
functions  of  lectures  and  books,  I  have  always  adopted  in  the 
lecture  theatre  the  system  of  broad  generalization,  such  as  I  have 
briefly  shadowed  foHh  in  the  remarks  introductory  to  the  several 
sections.     I  hope  these  may  prove  of  general  use  as  an  introduc- 
tion to  the  detailed  work  that  follows,  but  they  are  mainJj| 
intended  as  a  guide  to  my  own  pupils  at  lecture. 

Thus  much  for  introductory  generaUzation. 

As  regards  the  details,  my  aim  has  been  to  be  methodical.  1 1 
have  therefore  considered  each  element,  and,  as  far  as  possible,] 
each  compound,  under  the  stn-cral  heads  of  (1.)  History,  (2.)j 
Natural  History,  (3.)  Preparation,  (4.)  Properties,  (a.)  Sensible,] 
(fl.)  Physical,  and  (y.)  Chemical ;  (5.)  Uses  in  Medicine  and  in] 
the  Arts  and  Manufactures,  and  (6.)  Tests. 

In   dealing   with    the    metalloids    I    have   commenced   -with 
oxygen   and   fiuishe*!   with    hydrogen,    discussing    under   eacli  J 
element  the  coinpoimds  it  forms  with  the  elements  previously  B 
considered  in  detail.     Thus,  for  example,  under  hydrogen  (the 
last  of  the  metalloids),  I  have  described  all  the  compoimds  that 
it  forms  with  the  non-metals.  ^ 

From  page  437  to  page  4G2  will  l^e  found  the  tables  I  am  in  H 
the  habit  of  employing  in  my  practical  chemistry  class.  Before 
considering  the  coui'se  to  l>e  adopted  in  the  separation  of  the 
several  groups,  I  have  always  insisted  on  the  necessity  of  an 
accurate  knowledge,  not  only  of  the  reactions  of  each  member  of 
the  group,  but  more  particularly  of  the  relationship  hetiveen  the 
reactions  of  the  several  members  of  the  group  with  the  same 
reagent  This  I  have  attempted  to  set  forth  in  a  series  of  Tables.  - 
In  respect  of  order  (regarding  classification  as  simply  a  question 
of  convenience),  I  prefer  beginning  my  practical  course  of  lectures 
wjlh  the  alkalme  metals  and  working  backwards. 
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The  reactions  of  the  rai'er  metals  are  not  included  in  the 
analytical  tables,  but  they  will  be  found  in  the  body  of  the  work 
under  their  several  headings. 

Bearing  in  mind  the  requirements  of  students  preparing  for 
examinations,  I  have  described  the  reactions  of  organic  bodies  at 
the  end  of  the  several  chapters  devoted  to  their  study.  Thus 
the  reactions  of  cyanogen  compounds  will  be  found  on  page  522 ; 
of  the  alcohols  (together  with  the  starches  and  sugars)  on  page 
589  ;  of  the  organic  acids  on  page  626 ;  and  of  the  alkaloids  on 
page  674. 

As  regards  notation,  although  I  recognise  great  advantages 
in  that  suggested  by  Dr.  Frankland,  I  am  by  no  means  prepared 
to  abandon  the  old  formula.  Under  these  circumstances  I  have, 
in  the  inorganic  portion  of  the  work,  stated  equations  in  both 
molecular  and  constitutional  formulae. 

In  the  case  of  each  metal  I  have  drawn  up  a  table  of  its  most 
important  compounds,  their  formulae,  and  such  tabulated  in- 
formation respecting  them  as  I  thought  would  prove  useful  to 
the  student. 

My  first  object  in  this  book  is  that  it  should  serve  as  a  manual 
for  students.  As  a  medical  man  and  a  professor  in  a  medical 
school,  I  have  always  made  a  special  point  in  my  lectures  of 
noting  the  bearing  of  chemical  science  on  medicine.  This  will 
account  to  the  general  student  of  chemistry  for  my  dealing 
with  certain  subjects  in  a  greater  detail  than  is  usual  in  similar 
works. 

Further,  bearing  in  mind  the  special  knowledge  required  of 
medical  officers  of  health  in  dealing  with  nuisances  arising  from 
various  trade  operations,  I  have  given  the  outlines  (limited  of 
course  to  the  strictly  scientific  details)  of  most  manufacturing 
processes,  and  of  the  chemical  reactions  involved  in  the  same. 
To  cure  a  nuisance  is  more  scientific  than  to  annihilate  a  manu- 
factory, and  to  suggest  the  cure  we  must  accurately  understand 
the  case. 

To  the  lecture-notes  of  Dr.  Frankland  and  to  the  manuals  of 
Chemistry  of  Odling,  Williamson,  Roscoe,  Bloxam,  Thorpe,  Miller, 
and  Fownes,  and  particularly  to  the  excellent  manual  on  Organic 
Chemistry  by  Dr.  Armstrong,  I  desire  to  express  my  obUgaliorvR. 
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I  should  wish  to  add  Uiat,  although  I  have  spared  no  pains  to 
render  this  Handbook  as  complete  and  as  accurate  as  possible, 
nevertheless  I  trust  that  some  allovrance  will  be  made  for  un- 
avoidable errors  arising  fix)m  the  circumstance  that  it  has  been 
written  amidst  the  constant  interruptions  of  professional  work. 
Not  unfrequently  indeed  has  it  had  for  a  time  to  be  laid  aside 
altogether,  the^by  rendering  continuity  of  thought  and  uni- 
formity of  treatment  a  matter  of  some  difficulty. 

48,  Queen  Anne  Street, 
Cavendish  Square. 
ApHl,  1878. 
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CHAPTER  L 

CHEMICAL  AFFINITY. 

JDtHailioiti^ — Conditiona  occeawiry  for  it«  exertion— Phenomenii—Tho  circum«tiinc6a 
tutlutfDymg  itii  octioa^The  meaoa  of  efltimating  Ibe  energy  af  the  force. 


ArFnrmr  maj  be  defined  as  '  a  force  of  attraotion  acting  between  two 
'Ve  di^similnr  particles  brought  togetlier  at  an  inappreciable  distance^ 
vahj  a  new  compound  is  formed,  having  properties  dijf'ereut  from 
those  qf  its  constitutfjiti/  Thus,  if  we  effect  a  chemical  combination 
between  Iodine  (a  black,  poisonous  substance)  and  Potmmmi  (a  silvery 
white  metal)  we  obtain  a  compound  (Potassic  Iodide)  which  bears  no 
resemblance  sensiblj,  chemically,  physically,  or  physiologically  to 
Pither  of  its  constituent  elements*  This  change  of  property  is  the 
special  characteristic  of  Chemism  or  Chemical  Affinity.  In  gravita- 
ti/>n  we  have  attraction  between  similar  or  dissimilar  molecules,  at  an 
appreciable  distance  ;  in  cohesion,  attraction  between  similar  molecules 
at  ao  inappreciable  distance;  in  adhtshm,  attraction  between  dis- 
dmilar  molecules  at  an  inappreciable  distance ;  but  in  none  of  these 
«1  tractive  forces  have  we  any  change  in  the  matter  on  which  the 
forcf>  is  •exerted. 

The  cheiujcal  force  baa  been  designated  by  different  names  :  Berg- 
nian  called  it  ** Elective  Gravitation  ;^^  Kim^  '*  Molecular  Gravitation;^* 
Nr>wtcm  **  Chctmcal  Attraction  or  Action;^*  others  ** Il^teroyeneom 
Afnitif;^"  whilst  Stahl  invented  the  name  **  Chemical  JJinitt/^^  or 
tittiply  **  Afftnihj^''^  wilh  the  idea  that  bodies  that  combined  chemically 
had  some  common  resemblance.  (**Like  consorts  with  like.'' — Hip- 
pocrat^A  In  employing  the  term  Affinity  as  a  name  for  the  force, 
wed'  '  pt  the  grounds  upon  which  it  was  originally  adoptel  j 

fnr,   I  U',  like  does  not  cotii^ort  with  like,  but,  par  excellcnct^ 

unlike;  hofUeft  liw  mofft  opposite,  ast  for  example,  adds  dXii 
~    '-  '  -  uiwitriahlf  Uw  most.  dispn»od  to  combine.  j 

^  ^  J 


I 
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L  The  Conditions  necessary  for  the  Exertion  of  Afl^ty- 

(o.)  There  must  he  two  or  more  dissimilar  particles. — There  can  be  no 
chemical  union  between  iron  and  iron,  or  between  sulphur  and 
sulphur,  but  iron  and  sulphur  are  capable  of  chemical  combination. 
Further,  the  more  completely  the  substances  are  chemically  unlike, 
the  more  intense  usually  is  the  play  of  affinity.  The  constituents  of 
most  chemical  compounds,  when  subjected  to  an  electric  current,  pass 
to  opposite  poles— those  attracted  to  the  positive  pole  of  the  battery 
being  termed  electro-negative  elements,  and  those  attracted  to  the  negative 
pole,  electro-positive  elements.  Two  positive  or  two  negative  elements 
may,  and  under  some  circumstances  do,  combine,  but  the  chemical 
phenomena  resulting  from  such  combinations  are  usually  so  slight, 
that  at  times  it  is  difficult  to  say  whether  such  compounds  are  not 
purely  molecular  or  mechanical. 

In  affinity,  moreover,  we  note  a  certain  elective  power.  If,  e.  g.y 
hydrochloric  acid  be  poured  on  lime  and  alumina,  upon  both  of 
which  it  is  capable  of  acting,  we  find  that  the  acid  acts  by  preference 
on  the  lime  (**  Elective  Affinity"  of  Bergman). 

(/3.)  The  particles  concerned  must  be  brought  into  absolute  contact. — ^This 
may  be  effected  by  various  agencies,  such  as  heat,  solution,  or  me- 
chanical action. 


II.— The  Phenomena  of  Affinity. 

All  the  phenomena  of  affinity  are  indicative  of  change.  In  a 
mechanical  mixture  the  constituents  are  not  changed,  and  consequently 
the  nature  of  the  compound  is  a  mixture  of  the  natures  of  the  con- 
stituents. In  a  chemical  mixture  the  properties  of  the  compound  may 
bear  no  resemblance  whatsoever  to  the  properties  of  the  constituents 
of  which  it  is  composed.  Thus  we  notice,  as  the  results  of  affinity, 
changes  in  the  sensible^  the  physiological,  the  physical,  and  the  chemical 
properties  of  bodies. 


(A.)  Changes  in  the  Sensible  Peopeettes. 

(a.)  Color:  This  may  be — 

(I.)  Produced:  (Example)  Solutions  of  potassic  iodide  and 
plumbic  acetate  (both  of  which  are  colorless) 
produce,  when  mixed,  the  yellow  plumbic 
iodide. 

(2.)  Altered;  (Example)  The  action  of  an  acid  on  litmus,  or  of 
an  alkali  on  turmeric. 

(3.)  Destroye4;  (Example)  Action  of  chlorine  on  indigo. 
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(/3.)  Odor  :  This  may  be— 

(1.)  Produced;  (Example)  Sulphuretted  hydrogen,  a  compound 

of  sulphur  and  hydrogen. 
(2.)  Altered ;  (Example)  Nitro-benzene  formed  by  the  action 

of  nitric  acid  on  benzene. 
(3.)  Destroyed;  (Example)  Action  of  chlorine  on  sulphuretted 

hydrogen. 

(y.)  Taste :  This  may  be — 

(1.)  Produced;   (Example)     Nitrogen     and     hydrogen     form 

ammonia. 
(2.)  Altered;  (Example)  Chlorine  and  sodium  form  common 

salt. 
(3 )  Destroyed;    (Example)    Baric   oxide   and   sulphuric    acid 

form  the  tasteless  bai'ic  sulphate. 

(B. )  Changes  in  the  Physiological  Pbopeeties. 

(a.)  Harmless  bodies  become  active — 

Example  (1.)  Strychnia,  a  deadly  poison,  is  formed  by  the 
combination  of  the  harmless  bodies,  carbon, 
hydrogen,  oxygon  and  nitrogen. 
(2.)  Sulphuric  acid,  a  corrosive  poison,  is  formed 
by  the  combination  of  the  inert  bodies, 
sulphur,  hydrogen,  and  oxygen. 

(/3.)  Active  bodies  become  inert, — This  is  the  principle  of  antidotes; 
sulphuric  acid  is  a  poison,  but  if  this  be  combined  with  calcic  hydrate, 
the  inert  body  calcic  sulphate  is  formed. 

(C.)  Changes  in  the  Physical  Properties. 

(a.)  Aggregation — 

(I.)  Solids  become  liquids;  (Example)  Sulphur  and  carbon  form 
carbonic  disulphide  CSg. 

(2.)  Solids  become  gases  ;  (Example)  Gunpowder  when  heated 
produces  a  gas. 

(3.)  Liquids  become  solids;  (Example)  Solid  carbon  is  sot  free 
by  the  action  of  sulphuric  acid  on  strong  syrup. 

(4.)  Liquids  become  gases  ;  (Ekample)  Effervescence. 

(5.)  Gases  become  solids;  (Example)  Ammonia  gas  and  hydro- 
chloric acid  gas  form  solid  ammonic  chloride. 

(6.)  Gases  become  liquids ;  (Example)  Hydrogen  and  oxygon 
form  water,  OHg. 

{ft.)  Density, — The  density  of  bodies  is  usually  increased  by  affinity. 
If  1  volume  of  alcohol  (Sp.  Gr.  0*796)  be  mixed  with  1  volume  of 
water  (8p.  Or.  1-0)  a  liquid  is  produced  having  a  Sp.  Or.  of  001 7, 
whereas  the  mean  Sp-  Or.  would  he  0'898, 
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Varioug  other  properties  ai-e  also  changetl  along  with  density,  Buck 
as  tlie  Lardness  of  a  body,  its  sonorousness,  etc, 

(y.)   Chaji/jes  in  the  thei*motic  proper tks  of  bodies, 

(i.)  Temperature. — Heat  is  usually  if  not  always  produced  as  thi 
result  of  alfinity.  The  }ic»at  evolved  may  be  very  slight,  as  when 
alkaline  sulphate  is  added  to  baric  nitrate;  whilst  it  may  result  in  com- 
bustion, whom  the  evolution  of  light  and  intense  heat  are  accompany- 
ing phenomena.  Cases  where  cold  apparently  results  from  chemic  J 
combination  are  exceptional,  and  are  always  more  or  less  accompanieJ 
by  the  phenomena  of  fluidity,  the  heat  required  to  effect  the  changa 
of  the  soh'd  to  a  liquid  being  in  excess  of  the  heat  produced.  I 

(ii,)  Fusibility, — With  f*JW  exceptions  the  chemical  componnd  !■ 
more  fusible  than  the  mean  fusibility  of  the  constituents.  I 

(I.)  Fmihilittf  increased. — A  mixture  of  1  part  of  lead,  1  of  tin,  anq 
2  of  bismuth,  melta  at  167^  F.  (75°  C),  whereas  the  mean  meltinj 
point  of  the  constituents  would  be  512^  F.  (267°  0.).  J 

(2.)  Fm^ility  diminished. — Such  cases  are  rare.  The  metallic  sufl 
phides  supply  us^  however,  with  illustratioDS.  I 

(iii,)   Vohtditi/. — This  may  be  increased  or  dimimahed  ; —  I 

{!.)  Vohiility  increased. — When  carbon  (a  non- volatile  body)  m 
combined  with  sulphur,  which  IB  volatile  at  600°  F.  (316°  C),  caJ 
bonic  disulphide  (Cy^)  is  formed,  which  is  a  liquid  that  has  nevdl 
hecn  frozen,  is  volatile  at  ordinary  temperatures,  and  boils  at  11 1'^  M 
(44°  C).  I 

(2.)  VoMilihj  diminished— WrLt^T  boils  at  212^  F.  (100°  C).  iJ 
some  chemical  compounds,  however,  it  is  absolutely  non-volatile.        I 

So  again  the  electrical  states  and  the  ciystalliiie  forms  of  bodies  an 
altered  by  the  action  of  affinity.  I 

'  in.— Circumstances  InfliieiiciBg  Chemical  Affinity.       I 

Inasmuch  aa  affinity  depends  on  molecular  attraction,  it  follo^ 
that  whatever  tenda^  on  the  one  hand,  to  bring  the  particles  togethea 
or,  on  the  other  hand,  to  separate  them,  mufit  influence  the  action  ol 
the  force;  in  the  former  case  aiding,  and  in  the  latter  case  prj 
venting  it.  I 

1.  Gravitation'  MoDrFiEa  Chemical  Action.  J 

Gravity  affects  affinity  by  tho  disposition  of  the  heavier  particles  m 
sink,  and  of  the  lighter  particles  to  rise  to  the  surface.  ■ 

2.  CoiTEsioN  Modifies  Chemical  Action.  ■ 

Affinity  being  a  molecular  force,  it  follows  that  it  will  be  favotirej 
ty  any  means  that  lessen  cohesion,  such  as  mechanical  divisioi 
(powdering),  heat  (fluidity),  or  solution.  Cohesion  may  for  a  titin 
overrule  affinity,  affinity  coming  into  play  immediately  the  coheflioi 
is  broken  down.  The  action  of  cohesion  in  influencing^  the  foriJ 
Djay  bo  either  exerted  npcm  flio  r onstituents  or  iqion  the  resultant.   1 
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nts. — A  lump  of  lead  is  yerj*    slowlj' 

I  nWupon  wl,  air^  but  if  it  be  in  a  Hnely  powdered 

•tBte  (/jj/royi Wi<!  I  it  instantly  igTsites*     If  finely  powdered  aotimony  be 

ifitrolac^d  int^^  chlorine  it  takes  fircti  but  this  intense  chemical  actioa 

do«i  not  occur  when  a  lump  of  the  metal  is  placed  in  the  gas. 

I  ri  of  the  JCrstsltufU.^AYhen  sulphuric  acid  is  added  to  a 

^T  solution,  bai'ic  sulphate  is  precipitated.     The  sulphuric 

Mid  thus  remores  the  barium  out  of  the  sphere  of  chemical  acUoiii 
l»y  reaaon  of  the  Buperior  cohesion  of  the  resultant.  This  action  is 
often  attributed  to  what  is  called  jsupnwr  ajjinity^  but  there  are  dilE- 
pute  in  admitting  this  as  an  explanation  in  such  cases,  owing  to  the 
•«»|iridoijs  action  of  the  force.  Por  example,  if  acetic  acid  bo  added 
»wi  toluiion  of  potassic  carbonate  in  waUr^  carbonic  anhydride  escapes, 
^^^  iiot;iggic  acetate  \%  formed  ;  but  if  cmrbonic  anhydride  be  passed 
timjugli  a  solution  of  potassic  acetate  in  spirit,  acetic  acid  is  set  free 
J^  potaaaio  oarbouate  ia  formed,  which,  being  insoluble  in  the  spirit, 
^  iJnna  pi  tat  ed. 
^Vo  may  here  consider — 

(A.)  Tht  action  of  acids  on  9qIU  in  solution. 
I.)  If  an  acid  be  added  to  a  solution  of  a  salt,  such  acid  being  of 
My  equal  chemical  power  to  the  acid  of  the  salt,  and  with  the  base 
Which  salt  it  can  unite  to  form  a  soluble  compound,  the  probability 
se  will  be  divided  between  the  two  acids,  equally  or  un- 
acids  being  also  present  in  solution  in  the  free  state. 

I  ^»mini>le :  Siilphuric  acid  -|-  potnauc  nitrate  =  potasaic  ^ulphale  -f  potasdc  niinifce+ 
l^huric  ncid  +  ailric  iidd* 

<Jb.)  11  an  acid  be  added  to  a  aoltttion  of  a  salt,  such  acid  being  of 
k\ich  greater  ohemical  activity  than  the  acid  of  the  salt^  but  with  the 
&e  of  which  salt  it  can  unite  to  form  a  soluble  compound,  the  strong 
N^d  \^iU  then  appropriute  the  whole  of  the  base,  and  set  free  the 
'liolo  of  the  acid  originally  combined  with  the  salt. 

I  TKaiBple :  Sulphuric  add  -f  eodic  hiborate  =  sodic  sulphate  -f  boric  add. 

(c.)  If  an  acid  be  added  to  a  solution  of  a  saltt  aqueous  or  other- 

,  it  being  immaterial  whether  the  acid  so  added  be  of  greater  or 

1^1'  al  power  than  the  acid  present  in  the  8alt,  but  with  the 

I  ^^  ii  salt  it  is  capable  of  forming  a  precipitate  infiuluble  in 

I  tiia  menstruum  in  which  the  salt  is  dissolved ;  the  acid  added  will 

•p^ropriate  the  whole  of  the  base,  and  set  free  the  original  acid. 

iamplw  i  1 )  8ul iTi .u i.-  Add  +  hnric  nitinte  -  Wriu  RVilphate  -^  nitric  ucid. 

fc  flcid  -f  nrgtmlir  nitrate  =  urgintic  cyanide  +  nitric  acid. 
A^  argwnUc  *ulphAto  =  argeiitie  Urtruto  +  sulphuric  JKid. 

If  tf)  a  solution  of  a  salt,  the  acid  of  which  is  inaoluble  in  iU^a 
^*  11  which  tlw  salt  h  dlsBohed,  an  acid  bo  added  ^VdcVi 

-*'-  Ltit(e  of  the  salt  a  soluble  salt,  the  acid  added  N\i\l  iWw 
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combine  with  the  whole  of  the  base,  whilst  the  acid  previously  in 
combination  with  it  will  be  precipitated. 
Example :  Nitric  acid  +  potassic  tungstate  :=  potassic  nitrate  +  tungstic  acid. 

(B.)  Tlie  action  of  bases  on  salts  in  solution. 

(a.)  If  to  a  solution  of  a  salt,  the  base  of  which  is  soluble,  another 
base  be  added  which  is  also  soluble  and  capable  of  forming  a  soluble 
salt  with  the  acid  of  the  original  salt,  the  acid  will  then  be  divided 
between  the  two  bases  in  proportion  to  its  affinity  for  each. 

Example :  Potassic  hydrate  +  sodic  nitrate  =  sodic  nitrate  +  potassic  nitrate  + 
sodic  hydrate  +  potassic  hydrate. 

Note  further  that  in  some  cases  a  portion  of  the  base  may  be  pre- 
cipitated, owing  to  its  somewhat  imperfect  solubility. 

Example :  Potassic  hydrate  +  baric  nitrate  =  potassic  nitrate  +  baric  nitrate  + 
potassic  hydrate  +  baric  hydrate  (  a  portion  of  which  will  be  precipitated). 

{b.)  If  to  a  solution  of  a  salt,  the  base  of  which  salt  is  entirely  in- 
soluble, a  base  be  added  which  forms  a  soluble  salt  with  the  acid  of 
the  original  salt,  then  the  base  of  the  original  salt  will  be  precipitated, 
and  the  whole  of  the  acid  set  free  will  combine  with  the  new  base 
added. 

Example  :  Ammonia  +  ferric  sulphate  =  ferric  oxide  +  ammonic  sulphate. 

This  rule  has  its  exceptions ;  ammonia  will  not  throw  down  the 
base  of  mercuric  cyanide,  although  it  is  insoluble. 

(c.)  If  to  a  solution  of  a  salt  a  base  be  added,  which  with  the  acid 
of  the  salt  forms  an  insoluble  compound,  all  the  acid  of  the  original 
salt  will  be  precipitated  with  the  newly  added  base,  the  other  base  if 
soluble  remaining  in  solution. 

Example :  Baric  hydrate  +  potassic  sulphate  =  baric  sulphate  +  potassic  hydrate. 

(d.)  If  to  a  solution  of  a  salt,  the  base  of  which  is  insoluble,  a  base 
be  added  which  forms  an  insoluble  compound  with  the  acid  of  the 
original  salt,  both  bases,  as  well  as  the  acid  previously  in  contact  with 
the  one  base,  will  be  precipitated  from  the  solution. 

Example :  Baric  hydrate  4-  argentic  sulphate  =  baric  sulphate  +  argentic  hydrate. 

(C.)  Action  of  salts  on  salts  in  solution, 

{a.)  If  a  soluble  salt  be  added  to  a  soluble  salt,  both  salts,  by  a 
mutual  interchange  of  acids  and  bases  also  forming  soluble  salts,  a 
solution  of  four  salts  in  unknown  proportions  will  probably  result. 

Example:  Potassic  sulphate  +  sodic  nitrate  =  potassic  sulphate  -f-  jwtassic 
nitrate  +  sodic  sulphate  +  sodic  nitrate. 

(&.)  If  a  soluble  salt  be  added  to  a  soluble  salt,  both  salts  by  a 
mutual  interchange  of  acids  and  bases  forming  an  insoluble  or 
sparingly  soluble  salt,  decomposition  will  result,  and  the  compound 
that  is  least  soluble  will  be  precipitated. 

Example :  Argentic  nitrate  +  sodic  chloride  as  argentic  chloride  +  sodic  nitrate 
(the  argentic  chloride  being  precipitated). 
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3.  Elasticity  Mobifibs  Chemical  Action. 

Elasticity  (that  is,  the  absence  of  cohesion)  bears  a  close  re- 
lationship in  its  action  upon  affinity  to.  cohesion  (that  is,  the 
absence  of  elasticity).  Both  are  capable  of  effecting  the  re- 
moval of  bodies  from  compounds;  cohesion,  by  reason  of  the 
Id  solubility  of  certain  bodies,  and  elasticity  by  reason  of  the 
Tolatility  of  others.  But,  although  the  action  of  the  two  forces  are 
thus  analogous^  they  are  often  opposite.  If,  for  example,  we  add 
ammonia  to  a  solution  of  magnesic  sulphate,  magnesia  is  precipitated, 
and  ammonic  sulphate  remains  dissolved.  This  precipitation  of  mag- 
nesia is  the  action  of  cohesion.  But  if  dry  ammonic  sulphate  and  dry 
magnesia  are  heated  together,  ammonia  is  expelled  and  magnesic 
sulphate  is  formed.  This  evolution  of  ammonia  is  the  action  of 
elasticity.  It  is  the  spring  of  repulsion  between  the  particles,  or,  in 
other  words,  the  distance  maintained  between  the  particles  (elasticity) 
which  prevents  hydrogen  and  oxygen  combining,  but  when  this  repul- 
sion or  distance  is  overcome  by  some  such  power  as  pressure,  heat,  or 
the  action  of  spongy  platinum,  combination  immediately  results.  Thus 
elasticity  is  made  use  of  by  the  chemist  for  the  purpose  both  of 
breaking  up  old  compounds  and  of  producing  now  ones.  Acids, 
bases,  and  salts  are  all  more  or  less  affected  by  its  action ; — Thus 

(a.)  Acids, — If  an  acid  be  added  to  a  salt  containing  an  acid  capable 
either  of  assuming  a  gaseous  form  at  ordinary  temperatures,  or  of 
being  converted  into  vapour  at  a  temperature  below  that  required  to 
volatilise  the  acid  added  to  displace  it,  the  acid  in  the  salt  will  be 
driven  off  and  a  new  compound  formed,  consistiDg  of  the  base  of  the 
original  salt  with  the  new  acid.  For  example,  if  we  add  to  a  carbonate 
any  acid  except  hydrocyanic  or  hydrosulphuric  acid,  the  carbonic 
anhydride  of  the  salt  is  immediately  evolved,  owing  to  its  elasticity. 
Thus— 

Potassic  carbonate  +  sulphuric  acid  =  potassic  sulphate  -f  carbonic  anhydride. 

Again :  Sulphuric  acid  displaces  nitric,  hydrochloric,  acetic,  formic, 
butyric,  and  other  volatile  acids  from  their  salts  during  distillation. 

Further,  it  is  to  be  noted  that  whatever  tends  to  increase  the 
elasticity  of  a  body,  such  as  heat,  ^vill  also  favour  or  modify  chemical 
action.  This  circumstance  explains  certain  contradictory  plionomona, 
whereby  salts  of  strong  acids  are  decomposed  by  the  action  of  weak 
acids.  For  example — sulphuric  acid  has  a  strong  alhnity,  and 
boracic  acid  a  weak  affinity  for  bases.  If  sulphuric  acid  be  added  to 
a  solution  of  sodic  borate,  boracic  acid  is  set  free,  and  sodic  sulphate 
is  formed.  But  if  sodic  sulphate  and  boracic  acid  be  fused  together, 
sulphuric  acid  is  volatilised  (elasticity)  and  sodic  borate  is  formed. 
The  same  is  also  true  of  the  action  of  silicic  and  x^hosphoric  anhy- 
drides on  the  sulphates.  Or,  again,  if  oxalic  acid  be  boiled  with  a 
solution  of  a  chlondo,  hydrochloric  acid  will  be  expelled  ftotvi  \Xift 
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eolutton.     Thus  it  will  be  noted  that  a  feoble  acid  may  drivM 
etroiij^  acid,  provided  that  the  stronger  acid  bo  the  more  volatile  of  J 
tbe  two. 

(fl.)  Bases. — If  a  salt  of  a  volatile  base  be  heated  with  a  fixed  basej 

tbe  fixed  base  displaces  the  volatile  base.     For  example  ;  If  an  am^ 

monic  salt  be  heated  with  calcic  or  potassic  hydrate,  a  salt  of  the  no^l 

base  is  produced,  and  ammonia  gas  evolved.     Here,  again,  contra-| 

dictory  phenomena  may  be  noted.     For  if  ammonia  be  added  to 

aluminic   sulphate   solution,    alumina  is  precipitated   and   ammonii 

sulphate  formed ;  but  if  dry  alumina  and  dry  ammonic  sulphate  he 

heated  together,  ammonia  is  evolved  and  alumioic   sulphate  formed. 

(y,)  Salts, — Reactions  of  a  similar   nature    occur  in   the  case  o| 

Balt^»     If  a  sulution  of  ammonic  carbonate  be  added  to  a  solution 

!  calcic  chloride,  calcic  carbonate  is  precipitated  and  ammonic  cbloridi 

ftemainfi  in  eoiution  ;  whilst,  on  the  contrary,  if  dry  amnionic  clilorid^ 

and  dry  calcic  carbonate  be  heated  together,  ammonic  carbonate 

evolved  and  calcic  eliloride  remains. 

The  power  of  elasticity  on  affinity  is  curiously  influenced  by  certaii 
lechauical  processea  whereby  the  components  of  the  body  undei 
■going  change  are  removed  from  the  sphere  of  action*  For  exam ple- 
If  ferric  oxide  be  heated  in  a  current  of  hydrogen,  the  iron  is  reduc 
tlie  little  steam  formed  being  earned  B.v*'ay  hy  the  csccess  of  fti^drofjen ; 
whilst  if  metallic  iron  be  heated  in  a  current  of  steam,  the  water 
decomposed,  ferric  oxide  is  formed,  and  tho  hydi-ogen  liberated 
carried  away  by  the  txccsB  of  skanu 

Further  chemical  action  may  be  retarded  if  the  escape  of  bodied 
be  prevented  by  mechanical  means.  For  example,  if  an  acid 
poured  on  calcic  carbonate  in  a  flask  provided  with  a  stopcock,  th^ 
stopcock  being  open,  carbonic  anhydride  escapes,  owing  to  its  els 
ticity,  and  a  new  lime  salt  with  the  acid  is  formed  j  but  the  escape 
the  acid,  and  the  consequent  formation  of  the  new  salt  will  be  im-^ 
peded  if  the  stopcock  is  closed,  the  action  again  proceeding  when 
is  reopened. 

Again,  if  calcic  carbonate  (as  in  a  lime  kiln),  bo  heated  expoged  td 
the  air,  all  tho    carbonic  acid    is  driven  ofl',  and  cjiiick  lime  (CaOj 
rt*mains.     But  if  calcic  carbonate  be  heated  in  a  chu^ed  tube,  so  tiie 
the  escape  of  tlie  carbonic  anhydride  is  prevented,  it  may  be  fu 
without  decomposition  resulting. 


4.  Adhesion  Modities  Cjiehicax  AcTioif. 

Just  as  cohesion   opposes,  so  adhesion  invariably  assists  affini^ 
Kor  is  this  other  than  would  be  expectod,  when    we  remember  th^ 
close  relationship  subsisting  between  affinity  and  adhesion,  it  being 
often  difficult  to  mark  the  exact  line  dividing  them.     The  powerfu 
inflaenee  of  solution  {t\  e,  adhesion  of   liquids  and  solids  or  liquidi 
Mni  gaaBB),  in  aiding  aflinity  ha«  been   already  referred  to.    As  an" 


aaamwstAsxfBn  xNTLtricycura  cusiiksai^  x^mnrtY. 


Bsampl^— barie  nitrate  is  soUiblo  iu  water  aa  well  as  in  </»/r./r  ui ujo™ 
Bcid.  but  is  insoluble  in  concenintud  nitric  acid.     If  strong  uitric  acid 
^^1  a  b/irle  carlionato,   no   action  results;  but  if  water  be 

^Hlt  mixture,  carbonic  anhydride  ia  evolved,  arid  baric  nitrate 

Kemiuns    in   eolation.       The  chemical    action  in  this  case  did   not 
HMsr  until  circumstances  favoured  solution.      So  also  an  ulcoliolio^ 
^^^Hon  of  an  acid  (as  tartaric  acid)  will  Dot  decompose  a  carboimt#^ 
nits  pota&sic  carbonate),  unleas  the  resulting  salt  is  soluble  in  alcohol* 
pT  drj  eulphurbltei   hydrog^en  be  mixed  with  dry  sulphurous  anhy- 
Kride  they  will  not  act^  whilst  decomposition  is  immediato  if  moisture 

1>o  presents 

(a.)  Adhexion  o/gasa  to  solids  (surface  action), — If  a  piece  of  poroua 
kiiarcoaX  be  introduci^d  ioto  am^monia  gas  standing  over  mercury,  tJie 
■|lttHaftif  by  reason  of  Uie  force  of  adhesion  between  itself  and  the 
fHpHbdeuses  the  gas  in  its  pores.     The  action  of  spongy  j>Iutinum 

in  1  the  combination  of  mixed  hydrogen  and  oxygen  gasesy^f 

an<i    _  c  witli  which  a  piece  of  platinum  foil  may  be  kept  red  hot  " 

■by  aUowing  a  jet  of  coal  gas  to  play  upon  it,  are  further  illustrations 
wni  the  x>ower  of  adhesion  in  aiding  affinity.  In  this  latter  ttase  we 
f  may  regard  the.  elastic  force  of  the  ga&es  as  the  cause  preventing  their 

union.  The  platinum,  bowoveri  by  effecting  a  condensation  of  tho 
>ga8e«  upon  its  surface,  brings  them  within  tbe  range  of  each  other's 
klirmical  attraction  (Faraday).  This  being  so,  it  will  be  understood 
■that  the  larger  the  surfat-e  exposed,  the  greater  the  condensation. 
Ulence  the  more  intense  action  of  platinum  when  finely  divided,  as  in 
Kiho  atate  of  platinum  black*  In  this  power  of  adhesion,  moreoveri 
r-  '  M  the  means  of  effecting  chemical  combinations  otherwise 
I  . ,  r  able.   For  example,  spongy  platinum  will  coerce  the  formation 

■ol  water  and  nitric  acid  from  ammonia  and  air — a  reaction  impossible 
■to  tstlect  by  heat  alone, — whilst  ammonia  may  be  formed  from  the 
■  Dxldea  of  nitrogen  and  hydrogen  in  a  similar  manner.  Sulphurous 
'  be  oxidised  by    the    action  of   spongy  platinum,  to 

I        ^       I  _    ride — a  process  which  has  been  suggested  as  a  means 

■of  pf^paiing  sulphuric  acid.  Nor  is  this  action  peculiar  to  platinum  ; 
mn  an  inferior  degree  gold,  silver,  palladium,  iridium  and  other  metals 
Biasing  no  strong  aflinity  for  oxygen,  (for  otherwise  tbe  surface  of 
Much  nietals  would  S04>n  become  oxidized),  act  similarly.  This  action 
^a  modified  and  often  entirely  stopped  by  the  presence  of  minute 

tjuantities  of  certain  vajiours  and  gases,  such  as,  e.  g.f  carbonic  oxide, 

>f  carbonic  disulpLide,  pkosphoretted  hydrogen,  stUphurettvd 

I  u,  et^, 

k    {fl*)  Aetson  of  nascetit  matUr, — If  hydrogen   be   generated   in  tho 

HMMMft  of  arsenious  acid,  it  combines    with   the   arsenic  to  form 

^^^Hrntfed  bjdrogen.    But  its  power  of  combining  with  the  arsenic 

ti    ■  insfuni  of  its  being  set  fre^,  for,  if  the  hydrogen, 

.^>^'  .  "^  ^^^'^^  i^t'ijtyjjifi'd,  be  t'onveyetl  through  a  aolulion 
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of  arsenious  acid,  no  such  combination  will  be  found  to  result.  Again, 
if  a  stream  of  hydrogen  bo  passed  through  a  mixture  of  argeotic 
cliloritle  and  water,  no  action  on  the  silver  salt  will  ho  apparent; 
but  if  the  hydrogen  be  generated  in  the  presence  of  argentic  chloride, 
the  silver  will  h©  instantly  reduced. 

Again,  in  the  colour  teats  for  morphia,  strychnia,  or  aniline,  it  is 
essential  that  the  oxygen  be  generated  in  the  presence  of  these 
bodies.  This  is  commonly  effected  by  the  action  of  sulphuric  acid  on 
some  salt,  such  as  potossic  bichromate,  or  by  the  oxygen  liberated  at 
the  positive  polo  of  the  battery.  But  by  whatever  means  we  set  free 
the  oxygen^  the  gas  must  be  rMSct?ii^  that  is,  the  bodies  upon  which 
it  is  to  act  must  bo  present  at  the  moment  of  its  birth. 

We  may  suppose  in  such  cases  that  the  gases  are  for  a  moment 
under  coercion,  or  in  other  words,  that  the  elasticity  of  the  gaaes  has 
not  yet  come  into  play.  In  such  a  condition,  chemical  combinations 
may  be  easily  effected. 

5.   IJSFLUEyCB  OF  Mass  OB  dlTA^rTITY  ON  ArFlNITYt 

It  will  he  remarked,  that  if  one  body  unites  with  another  body  ii 
several  proportions,  the  compound  which  posseasoa  the  smallesji 
number  of  elements  is  generally  the  most  diflicult  to  decompose.  Fc 
example,  if  plumbic  dioxide  (PbO..)  be  heated,  it  becomes  phimbid 
oxide  (PbO),  but  a  contLuuanco  of  the  same  heat  will  not  decompose 
the  plumbic  oxide. 

We  have    now   to    examine   this  subject  from  another  jioint 
view. 

If  we  add  an  equivalent  of  sulphuric  acid  to  a  solution  of  potass 
nitrate,  wo  have  said  that  a  mixtui-e  of  potaseic  sulphate  and  potass!^ 
nitrate  will  be  formed,  together  with  free  acids.  Suppose  we  add 
however,  a  great  €xce8»  of  sulphuric  acid,  the  question  is,  Will 
excess  inlluenoe  the  relative  quantities  of  the  two  salts  formed?  Thl 
Bubject  was  fii^st  investigated  by  Berthollet,  who  deduced  the  laf 
**  ihat  in  e/ectu'e  aUrach'on  the  power  exerted  is  not  in  the  ratio  of  the  nfiinitj-^ 
Btmphjy  but  in  the  ratio  compounded  of  the  force  of  affinity  and  the  quantitf/  of 
the  ageiit'*  That  is,  in  other  words,  that  quantity  may  be  made  to  com<^ 
pensatc  for  a  weaker  chemical  action,  Gladstone  has  further  invea 
tigated  this  subject,  employing  the  change  of  color  brought  abot 
by  athnity  (as  by  the  action  of  potassie  sulphocyanido  on  ferric  enltsj 
as  a  moans  of  determining  the  extent  of  the  decomposition.  The  fac 
was  demonstrated  that  if  a  quantity  of  potassie  sulphocyanido  bo 
mixed  with  ferric  nitrate,  the  quantity  of  eulphocyanogen  of  thd^ 
former  being  exactly  equivalent  to  the  iron  of  the  latter,  the  whole  a^| 
the  ii'on  was  not  withdrawn  as  ferric  sidphof^anido ;  but  that  if  a 
second  equivalent  of  potassie  sulphocyanido  be  added,  more  ferric 
sulphocyanido  was  formed,  and  so  on  with  a  third  and  a  fou 
equivalent,  up  to  375  equivalents,   although,  judging  by  the  color,* 
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the  effect  of  eyerj  addition  became  less  and  less.  Gladstone  concludes 
that  mutual  interchange  takes  place  in  determinate  proportions,  inde" 
2*tndent  of  the  combination  of  the  compounds,  but  dependent  on  the 
mutual  strength  of  their  affinities  and  on  the  proportions  of  each  con- 
stituent present. 

The  effects  of  quantity  in  the  combinations  of  gases,  have  also 
been  investigated  by  Bunsen  and  Debus.  Mixtures  of  hydrogen, 
oxygen,  and  carbonic  oxide,  in  various  proportions,  the  hydrogen 
and  carbonic  oxide  being  always  in  excess,  were  fired,  and  the  relative 
proportions  of  water  and  carbonic  anhydride  formed,  estimated.  These 
were  found  to  be  dependent  on  the  preponderation  of  the  carbonic 
oxide,  in  accordance  with  an  ascertained  law.  Harcourt  and  Esson 
have  further  investigated  this  influence  of  quantity,  and  agree  in 
the  general  conclusion  that  chemical  affinity  is  affected  by  quantity 
or  mass. 

6.  MECHAiacAL  Force  may  modify  Chemical  Action. 

Pressure,  percussion,  friction,  agitation,  and  indeed  all  forms  of 
mechanical  action  influence  the  chemical  force,  both  by  disturbing  and 
by  favoring  its  manifestation.  A  solution  of  tartaric  acid  added  to  a 
solution  of  potassic  chloride  needs  to  be  well  stirred  in  order  to 
secure  the  complete  formation  of  the  potassic  tartrate.  This,  as  well 
as  numerous  other  cases  where  the  stirring-rod  is  so  constantly  in 
requisition  in  the  laboratory,  illustrates  the  influence  of  mechanical 
action  on  affinity. 

On  the  other  hand,  mechanical  action  may  destroy  the  force.  A 
touch,  e.g.i  disturbs  the  equilibrium  of  the  particles  of  iodide  of  ni- 
trogen. The  fulminating  compounds  need  simply  a  blow  to  break 
them  up.     This  is  indeed  the  history  of  explosions  generally. 

7.  Contact  Decomposition.— Fekments. — Catalysis. 

Certain  bodies  exert  on  other  bodies  by  their  mere  contact  (i*.^., 
by  the  action  of  presence)  a  power  whereby  the  decomposition  of  the 
body  is  effected,  and  new  compounds  are  formed.  The  substance  which 
excites  this  action  (Z.^.,  the  ferment)  neither  gives  anything  to  the 
comi)ound  on  which  it  acts,  or  takes  anything  away  from  it. 

Illustrations  of  contact  decomposition  may  be  noted  in  the  following 
cases  :  — 

(1.)  Hydric  peroxide  (H^O^)  is  a  powerful  oxidizing  agent.  If, 
however,  finely  divided  metallic  gold,  silver,  or  platinum  be  added  to 
the  liquid  it  will  suffer  decomposition,  although  the  metal  itself  will 
undergo  no  change.  Further,  if  instead  of  employing  metallic  gold  or 
silver,  auric  or  argentic  oxide  be  placed  in  the  liquid,  not  only  will 
the  hydric  peroxide  be  decomposed,  but  the  metallic  oxide  itself  will 
suffer  decomposition  and  the  metal  be  reduced. 

(2.)  Again,  potassic  chlorate  is  decomposed  at  698°  F.  (370°  C), 
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and  liberates  oxygen.  If,  howerer,  the  potassic  chlorate  be  mixed 
with  maDganic  peroxide  or  with  cupric  oxide  and  heated,  the  oxygen 
will  be  given  off  at  a  temperature  of  from  446^  to  500^  F.  (230°  to 
SG<y  C),  although  the  manganic  peroxide  itself  undergoes  no  change. 

(3.)  Nitric  acid  conTerts  starch  into  oxalic  acid  (H£C2  04),  but  in 
the  presence  of  a  manganese  salt,  carbonic  anhydride  is  formed. 

(4.)  Sugar,  under  the  influence  of  yeast,  breaks  up  into  alcohol  and 
carbonic  anhydride,  the  yeast  neither  giving  anything  to,  nor  taking 
anything  from,  the  sugar. 

(5.)  Starch  in  the  presence  of  diastase  is  converted  into  sugar,  a 
change  which  takes  place  in  every  germinating  seed. 

(6.)  Amygdaline  in  the  presence  of  synaptase  (an  albuminoid  prin- 
ciple present  in  the  pulp  of  the  seed)  breaks  up  into  hydrocyanic  add, 
oil  of  bitter  almonds,  sugar,  and  formic  acid. 

These  three  last  illustrations  are  regarded  as  cases  of  fermentation. 
The  bodies  capable  of  efTecting  the  changes  (ferments)  in  no  way, 
however,  contribute  to  the  new  products,  although  they  themselveB 
undergo  specific  changes  during  the  process. 

The  theories  to  account  for  these  phenomena  will  be  discussed 
under  fermentation.  Berzelius  imagined  them  due  to  a  new  force, 
which  he  designated  Catalysis,  Catalysis  means  fermentation,  and 
the  explanation  of  Berzelius  is  little  else  than  ''  that  fermentation  is 
fermentation."  Liebig  imagined  that  they  might  be  explained  by 
supposing  that  the  motion  in  the  atoms  of  one  body  were  communi- 
cated to  the  atoms  of  another  body,  thereby  setting  up  similar 
changes,  just  as  one  body  on  fire  is  able  to  set  on  fire  other 
bodies.  Very  frequently,  however,  the  body  that  starts  the  fer- 
mentation, and  the  body  that  ferments,  undergo  vastly  different 
changes.  In  such  cases  as  1,  2,  and  3  given  above,  to  which  the 
term  **  concurring  attractions*^  has  been  given,  the  catalytic  body  may, 
and  possibly  does,  play  a  part,  but  what  part  is  not  exactly  known. 
In  case  1  Brodie  has  shown  that  there  is  a  direct  relationship  between 
the  quantity  of  the  metallic  oxide  reduced  and  the  hydric  peroxide 
decomposed,  and  he  supposes  that  the  particles  of  the  same  element 
may  attract  one  another,  the  atoms  being  in  different  electrical  states. 
Liebig  considered  that  various  diseases,  such  as  the  Exanthems, 
were  due  to  the  contact  of  germinal  matter  (acting  as  a  ferment)  with 
substances  in  the  blood  capable  of  undergoing  fermentation.  The 
materials  in  the  blood  capable  of  being  thus  si)lit  up  being  exhausted, 
the  disease  could  not,  as  he  explained,  again  recur. 

At  pnisont  we  class  these  phenomena  together,  awaiting  further 
investigation,  regarding  the  doctrine  of  Catal}  sis  as  a  convenient  fiction. 

8.  Influence  of  IIeat  and  Cold  on  Affinity. 
The  chemical  force  acts  only  within  a  given  range  of  temperature, 
tho  limits  dilloring  with  difl'erent  bodies.     A  red-hot  glass  rod,  e.g., 
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will  effect  the  combinatioii  of  oxygen  and  hydrogen,  whilst  a  white  heat 
is  necessary  to  decompose  the  compound  so  formed,  into  oxygen  and 
hydrogen  (Phil.  Trans.,  1847).  Mercury,  when  exposed  to  the  action 
of  oxygen  at  698°  F.  (370°  C.)  forms  mercuric  oxide  (HgO),  whilst 
mercuric  oxide  at  a  higher  temperature  is  again  resolved  into  mercury 
and  oxygen.  Baric  oxide  (BaO)  at  a  red  heat  becomes  baric  peroxide 
(BaO£),  but  at  a  white  heat  baric  peroxide  is  resolved  into  oxygen  and 
baric  oxide  (BaO).  Thus  it  is  clear  that  a  high  temperature  may 
undo  the  work  done  at  a  lower  temperature. 

(a.)  Heat  may  promote  affinity, — It  does  so  by  overcoming  the  force  of 
cohesion.  Thus  an  extreme  cold,  as,  for  example,  the  cold  produced 
by  a  bath  of  ether  and  sodic  carbonic  anhydride( — 104-8°  F.,  or — 76°  C.) 
will  prevent  the  combination  of  iodine  and  phosphorus,  or  of  chlorine 
and  phosphorus,  or  of  chlorine  and  finely  powdered  antimony,  but 
these  bodies  will  severally  combine  on  exposing  them  to  ordinary 
temperatures.  At  common  temperatures,  again,  sulphur  will  not 
combine  with  carbon,  whilst  at  a  high  temperature  the  union  of  these 
bodies  may  be  easily  effected, 

(/3.)  Heat  may  destroy  affinity. — It  does  so  by  effecting  a  separation 
of  the  ultimate  particles  of  the  body.  Probably,  indeed,  all  substances 
would  be  decomposed  if  we  could  apply  sufficient  heat  Ammonia 
may  be  decomposed  by  heat.  At  a  red  heat  C4H4  is  decomposed  into 
carbon  and  OsH^,  whilst  this  latter  at  a  higher  temperature  may  be 
further  decomposed  into  hydrogen  and  carbon. 

To  the  partial  decomposition  of  some  bodies  at  a  high  temperature 
Deville  has  given  the  name  **  dissociation.'*^  Thus,  if  steam  and 
carbonic  anhydride  be  passed  through  a  red-hot  porcelain  tube,  the 
gases  left  after  the  un-decomposed  carbonic  anhydride  has  been 
absorbed  by  potash  will  be  found  to  be  an  explosive  mixture  of 
oxygen,  hydrogen,  and  carbonic  oxide,  the  hydrogen  of  the  steam  at 
the  moment  of  its  liberation  from  the  oxygen,  reducing  a  portion  of 
the  carbonic  anhydride.  Even  the  partial  reduction  of  carbonic 
anhydride  itself  into  carbonic  oxide  and  oxygen  may  be  effected  by 
passing  it  through  a  porcelain  tube  heated  to  2372°  F.  (1300°  C.) 
Again,  carbonic  oxide  may  be  partially  resolved  into  carbon  and 
carbonic  anhydride  by  passing  it  through  a  heated  porcelain  tube,  in 
the  axis  of  which  is  placed  a  small  and  hollow  brass  tube  kept  cool  by 
a  constant  current  of  water  within,  and  upon  which  the  carbon  will  be 
deposited.  In  a  similar  manner  sulphurous  anhydride  may  be  partially 
resolved  into  sulphuric  anhydride  and  sulphur. 

(y).  Heat  modifies  chemical  action. — In  other  words,  the  nature  of  the 
products  may  be  influenced  by  the  temperature.  Thus,  carbonic 
anhydride  and  water  are  formed  by  the  combustion  of  ether  in  air, 
and  carbonic  anhydride  and  nitrogen  by  the  combustion  of  cyanogen. 
But  li  a  platinum  wire  be  allowed  to  glow  in  a  mixture  of  air  and 
ether,  aldehyde  and  acetic  acid  will  bo  formed,  whilst  if  the  glowing 
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platinum  wire  be  placed  in  a  mixture  of  cyanogen  and  oxjgeo,  nitriG 
oxido,  and  not  nitrogen,  will  be  produced, 

9.  I^'FUTBNGE  OF  Light  ok  AFFDriTT. 

Light  both  promotes  and  destroys  eliemical  action. 

(a,)  Light  promotes  chemical  actum. — Thus,  chloiine  and  hydrogen  wil 
not  combine  in  the  dark^  but  in  direct  sunlight  they  combine 
explosion.     Chlorine  and  carbonic  oxido  under  the  influence  of  light 
combine  to  form  phosgene,  or  light-formed  gas, 

(/3,)  Light  destrotfi  chetnical  compounds. — Thus,  photography  depends 
on  the  power  of  light  to  decompoBo  argentic  chloride.  Sun-light  again 
decomposes  nitric  acid,  oxygen  being  evolved,  the  nitrous  acid  formed 
communicating  a  yellow  tint  to  the  acid. 

b  10.  INFLUENCE  OF  Electricity  on  Chemical  Action, 

(a.)  Ehctrkittj  promotes  chemical  comhinatwn. — Dilute  sulphuric  acid 
has  no  action  on  the  amalgamated  zinc  of  a  battery  until  a  cm*retit  isl 
set  up  by  bringing  the  poles  together. 

()3,)  EJectriciiy  both  alters  atul  destrot/s  chemical  combinations, — Thuf 
Davy  decomposed  the  alkalies  by  electricity,  and  in  this  mannci 
obtained  the  alkaline  metals,  Wlien  the  galvanic  current  is  passed 
through  water  it  is  split  up  into  its  constituent  gases. 

XL  Influence  of  Tital  Force  on  Ohemical  Action. 

This  influence  is  manifest  in  every  living  organism  from  the  pro* 
duilion  of  a  simx*^®  ^^^  ^o  ^^^  highest  manifefitations  of  life.  Elements 
are  ro-arTangod  under  the  iniluenco  of  life  to  fonn  the  constituents  of 
the  organism,  and  out  of  a  single  fluid  all  the  elements  of  growth  and 
nutrition  are  elaborated,  whikt  the  various  secretions  (mucous,  bile 
urine,  milk,  etc),  have  their  compositions  determined  by  the  agency  ol 
iihs  vital  force. 

Thus  it  would  seem  that  all  forms  of  force  influence  afRnity.     Thel 
influence  depends  on  their  power  respectively  either  to  draw  particle®! 
nearer  together,  thus  promoting  affinity,  or  to  separate  them,  thua 
retarding  or  preventing  it 

IV*— Degree»  Force,  or  Energy  of  Affinity. 

There  is  a  great  inequality  in  the  action  of  afiinity.     Tho  want  of - 

energy  between  oxygen  and  fluorine,   and  the  intensity  of  energ^ 

between  oxygen  and  potassium,  is  an  illustration.     The  more  oppositJ 

the  bodies  on  which  affinity  is  brought  to  bear,  the  more  intense  isJ 

its  enority.     If  an  iron  rod  be  placed  in  a  copper  salt,  the  copper  in 

I  thrown  down  on  the  iron,  manifestly  because  the  acid  has  a  greaterJ 

lafBnity  for  the  iron  than  it  has  for  the  copper.     Bergman  termed  th0| 

Eforce  of  affinity  an  elective  force ^  but  he  entirely  overloakod  tho  modi^J 

Ifying  influences  of  cohesion  and  elasticity.      BerthoUetj  who  pointed! 
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out  these  modifying  influences,  insisted  that  these  were  the  forces  that 
determined  chemical  decompositions. 

Can  we  estimate,  then,  the  amount  of  affinity  between  different 
bodies  ?  Not  absolutely,  but,  to  a  certain  extent,  relatively.  Several 
methods  have  been  proposed. 

(1.)  Apfinity  Measttbed  by  Befebexce  to  the  Specific  Geavity 
OF  Bodies  (Laplace  and  others). 

Acetic  acid  (Sp.  Gr.   1*063)  poured  on  carbonates  turns  out  carbonic  acid. 
Hydrochloric  acid  (Sp.  Gr.  1*247)      „       acetates  ,,        acetic  acid. 

Nitric  acid  (Sp.  Gr.  1-421)  „       chlorides  ,,        hydrochloric  acid. 

Sulphuric  acid  (Sp.  Gr.  1*60)  ,,       nitrates  „        nitric  acid. 

Thus  it  would  seem  that  the  greater  the  specific  gravity  of  the  acid, 
the  more  intense  is  its  chemical  action.  But  when  we  examine  the 
alkalies  we  shall  find  that  their  energy  of  action,  as  shown  by  thoir 
specific  gravity,  is  almost  in  an  inverse  order.    Thus : — 

5-456 


Magnesia 

•••         •••         ••• 

...        3-60 

Lime    . . . 

...         .« .         ... 

...        3180 

Potash... 

...         •> •         ••  • 

2-20 

Soda    ... 

213 

Ammonia 

solution      

...        0-90 

Thus  it  is  manifest  that  specific  gravity  affords  no  test  of  the  relative 
power  of  the  force. 

(2.)  AFFmiTY  Measured  by  the  Force  of  Adhesion 
(Guyton  Morveau). 
Guyton  Morveau,  who  first  suggested  adhesion  as  a  test  of  the 
energy  of  afiinity,  acted  under  the  impression  that  adhesion  was  the 
first  stage  of  affinity.  He  employed  equal-sized  discs  of  difi'erent 
metals  suspended  from  one  end  of  a  scale  beam,  and  estimated  the 
weight  necessary  to  separate  them  respectively  from  a  layer  of  mer- 
cury.    These  weights  he  regarded  as  the  measure  of  their  affinity. 

AFFnnTY  Measured  by  Adhesion  (Guyton  Morveau). 
Gold  adheres  to  Mercury  with  a  force  of  446  grains. 


Silver 
Tin 

Lead  „ 
Bismath  „ 
riatinum  „ 
Zinc  „ 

Copper  „ 
Antimony  „ 
Iron  „ 

Cobalt      „ 


429 
418 
397 
372 
282 
204 
142 
126 
Ho 
8 


Achard  followed  out  the  same  principle  in  greater  detail,  by  using 
other  solids  and  fluids.     Gay  Lussac  estimated  the  force  required  to 
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separate  a  circular  glass  disc  (4*6  in.  diameter)  from  the  followi: 
fluids,  and  found  it  as  follows  : — 

From  water     ...  (8p.Gr.  l-OOO)— 814*7  grains 
f,     turpentine  (Sp.  Gr,  0'869)— 523*6 
^  .,     olcoliol        (Sp.  Or.  0"819)— 474-4 

But  there  were  manifest  objections  to  tkh  as  a  test  of  aflS-nity :  — 

(1.)  It  was  not  a  measure  of  affinity  at  all,  but  of  adhesion. 

(2.)  It  was  more  often  a  measure  of  cohesion  than  of  adiiesion, 
layer  of  mercury  being  separated  from  mercury,  or  water  fro 
water,  etc. 

(3,)  The  results  obtained  as  tlie   energy  of  adhesion  were  oftei 
found  to  be  exactly  the  opposite  to  the  energy  of  affinity. 
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3,  Apfikity   Measured   by   the   AuojnuT   of   Foeoe   keqitired 

EFFECT  THE  DeOOMPOBITION   OF   A    COMPOUND. 

(a.)  This  decompositiftn  mmj  he  effected  ht/  the  agencf/  of  heat  (Fourcroy7 
Lavoisier,  etc.),— A  very  slight  heat,  for  example,  is  sufficient  to 
destroy  the  combination  of  oxygen  with  certain  metals,  such  as  gold 
or  silver,  whilst  no  heat  will  effect  the  decomposition  of  other  metalhc 
oxides.  Thus  it  is  evident  that  the  force  between  oxygen  and  calcium, 
for  example,  is  very  much  greater  than  that  between  oxygen  and  gold. 

An  attempt  was  made  to  express  this  amount  in  figures;  as  i.gt 
in  the  case  of  the  sulphides,  by  noting  the  temperatures  at   whii 
they   are  decomposed,   and    deducting    therefrom    the   temporatu: 
at   which  sulphur  itself  is  volatilized.        Thus,   sulphur    volatili 
at  836^  F.,  whilst  sulphide  of  iron  (FeS^)  is  decomposed  at  1.300°  Fj 
Therefore   1500  —  836  =  674,    the    amount    of    the   force  betwei 
sulphur   and  iron  relatively-      Sulphide   of  gold  (Au^Sa)  is  decsoi 
posed  at  842^  F.  842  — 836  is  6.     Therefore,  supposing  the  pow^ 
of  affinity   holding   the   sulphur  to  the  gold  to  be   6,  in  the 
of  iron  it  is  664  ;  that  is,  nearly  111  times  greater  in  iron  than  in  gal 
Thompson  recommends  a  reverse  method  of  estimating  the  force, 
by  a  reduction  of  temperature.     Certain  saline  solutions  part  with  thi 
Baits  in  the  act  of  freezing,  and  they  do  this  at  various  temperature 
Hence,  by  observing  the  temperature  at  which  the  saturated  solutii 
freezes,  and  remembering  that  the  greater  the  affinity  the  lowor 
temperature,  he  considered  wo  might  be  able  to  form  some  estimate 
its  relative  force. 

(/i*)  The  decomposition  mat/  also  be  effected  It/  the  agency  of  a  sttp^ 
affinity. — Mayow  in  1674,  Geoffrey  in  1718,  and  Bergman  in  I77i 
attempted  to  estimate  the  force  by  what  they  called  single  ^leeit^ 
affinity ;  that  is,  where  on©  substance  takes  away  another  to  the  excl 
pion  of  a  third.  Thus,  ammofiia  turns  out  magnesia  from  magnesi 
Bid ph ate;  soda^  ammonia  from  ammonic  sulphate;  potash ^  soda  fro 
Bodic  sulphate ;  ^trontiaf  potash  from  potassic  sulphate ;  and  haryti 
etrontia  from  strontic  sulphate.      These  experiments  led  Geoffrey 
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At  tablee  of  attractioii,  aa  they  were  called,  such  as  the  fol- 


B%i!phur%t  Acid, 
BajyU. 
Strotitk. 
Fotuli, 

SodA. 


Table  of  Attbaotiojt  (GeofBry). 

Sulphuric  acid. 


Nitric  acid. 
Muriatic  acid. 
Acetic  auid, 
CarboDiG  acid. 


These  Tiews  held  their  ground  until  1803,  when  BerthoUet  pointed 
iit|  aa  the  result  of  a  more  rigid  analjeis  of  the  question,  the  error 
Qto  which   Geofiry   and   Bergman    had   fallen,    in   overlooking  the 
modifying  effects  of  cohesion  and  elasticity.     Farther,  he  showed  that 
Bergman's  tables  were  simply  tables  of  the  order  of  decomposition, 
and  not  tables  of  the  attractive  force,     BerthoUet,  however,  fell  into 
the  opposite  error  of  denying  the  existence  6i  a  superior  attractive 
>ree  at  all,  and  of  supposing  that  decompositions  were  always  deter- 
mined by  cohesion  and  elasticity. 
We  should  note,  however,  that  Bergman  was  clearly  aware  of  some 
laence  other  than  afl^ity,  affectijig  chemical  results.    This  is  shown 
|iy  the  fact,  that  in  many  cases  he  compiled  two  sets  of  tables,  setting 
>rth  the  different  effects  resulting  from  the  combination  of  bodies  by 
t>lationp  and  by  fusion. 
Guy  ton  Morveau,  seeing  that  no  dependence  could  be  placed  on  the 
measure  of  chemical  action,  as  deduced  from  Geoffry  and  Bergman^s 
tables  of  '*  $ingh  electtve  affinitt/,**  attempted  to  estimate  the  force  by 
**  dauble  elective  ajfinity^^^  that  is,  where  four  elements  are  employed  in 
the  decomposition,  the  two  of  the  one  compound  reciprocally  acting 
OIL  the  two  of  the  other.     But  still  the  same  modifying  influence 
were  at  work,  and  we  may  conclude  with  Berth  oil  et  that,  whilst  the 
tables  of  affinity  give  ua  good  ideas  of  the  order  of  decompositioup 
they  are  not,   owing  to  the  influence  exerted  by  cohesion   and   by 
elasticity,  indications  of  the  relative  force  of  atflnity. 

4.  Arrn^iTT  measured  by  tite  Time  of  Combinatiox, 

It  was  suggested  by  Wenzel  that  the  time  required  for  one  body  to 
dissolve  another  might  serve  as  a  measure  of  affinity. 

Thus  he  immersed  known  weights  of  different  metals  in  a  weak 
acid,  and  at  the  end  of  a  given  time,  estimated  the  quantity  of  the 
•ereral  metals  dissolved.  These  quantities  he  supposed  corresponded 
to  the  ratio  of  their  affinities. 

Again,  it  will  be  noted  that  the  energy  of  the  combination  will  bes 
largely  dependent  upon  the  cohesion  of  the  body,  the  temperature  jry 

r  Uijaid,  and  other  circumstances. 
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5.  Ayrryrrr  y^ASCKED  by  CoMBnnxo  PBOPORxioys. 

^**''^'-  ^--^a^  '■T^*  c::^aged  in  his  inquiries  on  the  composition  of 

S.I  >.    :  ■   r\:z:ir'i-.-I  ;1:a:  each  salt  possessed  a  different  per-centage 

1 :.    ^::  .i  i.  L  iz:i  'jjie.  and  he  supposed  that  these  might  serve  as  a 

:.  ^:-  .:   .*:_zii:Lr^  -Jif  f:rv^  of  affinity.    Tables  were  drawn  up  by 

Tails  No.  1. 

-..  -.?*  V  'j.^:        >:cj^        lir.-.      Ar.-:=li.    MAgnc^Ia.    Alumina. 


?0 

75 

75 

f-o 

71 

55 

T     V- 


V^riidc  atii 


•; :  4 


•-T-LTi:    :   :- '-%  ?\  z'.:::y  of 
:.-   ^  -.iir-l  ill  —  :rr  iiBnirj 

1  ._:  :.  r-     h.    :.  Li.i  *:.  on. 
'-:^  r:_u..-  -!=■  "liLiT  tI:?  was 


-  -— .•    4 T"<ry- 1-  zi  lie 

■    -   ^-    L.  3ii~      i«*  as 


DBQSSB,  FOBOBy  OB  SKEBGY  OF  AFFINITT,  19 

snlpliimo  acid,  therefore  on  Berthollet's  views  it  has  the  weakest  affinity 
fixr  that  acid«  But  less  sulphuric  acid  saturates  baryta  than  any  other 
earthy  or  alkaline  body,  therefore,  according  to  Berthollet,  sulphuric 
add  has  a  stronger  affinity  for  baryta  than  for  any  other  substance, 
which  is  contradictory." 

Again,  experiment  proves  Berthollet's  law  fallacious.  From  his 
tables,  such  as  the  following,  it  would  seem  that  ammonia  had  a 
greater  affinity  for  sulphuric  acid  than  baryta,  and  carbonic  acid  a 
greater  affinity  for  baryta  than  sulphuric  acid,  which  we  know  not  to 
be  the  case ; — 


40  parts  of  Sulphuric  acid  require 

77  parts  of  Baryta  require  for 

for  neutralization. 

neutralization. 

292  Morphia. 

165  Iodic  acid. 

162  Quinine. 

118  Bromic  acid. 

77  Baryta. 

76  Chloric  acid. 

62  Strontia. 

54  Nitric  acid. 

48  Potash. 

.  49  Sulphuric  acid. 

32  Soda. 

37  Muriatic  acid. 

28  Lime. 

36  Oxalic  acid. 

20  Magnesia. 

22  Carbonic  acid. 

17  Ammonia. 

BerthoUet,  however,  was  fully  aware  of  the  contradictory  results  of 
the  law  and  of  experiment,  but  explained  these  contradictions  by 
reference  to  the  effects  of  cohesion  and  elasticity. 

It  is  certain,  however,  that  combining  proportions  and  power  of 
aatoration,  are  in  no  respect  a  measure  of  relative  affinity. 

6.  Affinity  measijked  by  the  Electrical  Condition. 

Thompson  has  drawn  up  a  table  of  affinity,  founded  upon  the  order 
of  decomposition,  as  effected  by  electrical  influence. 

Becquerel  points  out  that  if  a  current  of  electricity  of  known 
activity  be  passed  through  a  mixed  solution  of  the  metals,  it  decom- 
poses them  in  a  given  order.  If  a  solution,  for  example,  be  made, 
containing  atomic  proportions  of  argentic  nitrate,  cupric  nitrate,  and 
plumbic  nitrate,  and  a  galvanic  current  be  passed  through  the  liquid, 
the  silver  will  be  thrown  down  first,  then  the  copper,  and  finally  the 
lead.  Thus  it  would  seem  that  the  silver  had  the  least  affinity  for 
oxygen,  and  lead  the  most.  But  if,  instead  of  mixing  these  nitrates 
in  atomic  proportions,  a  greater  quantity  than  its  equivalent  of  cupric 
nitrate  be  added,  there  comes  a  time  when  both  copper  and  silver 
will  be  thrown  down  together,  mass  thereby  overcoming  resistance. 
It  is  an  important  question  yet  to  be  decided,  whether  the  order  and 
the  rate  of  decomposition  of  a  mixed  solution  of  metallic  salts  in 
atomic  proportions,  coincide  with  the  results  obtained  by  experi- 
menting on  solutions  where  the  resistance  is  overcome  by  quantity. 

Summarizing  these  facts  we  may  note,  first,  that  we  have  no  means 
of  estimating  the  force  of  affinity  absolutely:  and  secondly,  but  very 
nncertam  means  of  estimating  it  relatively. 
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CHAPTER  II. 

Komenckturo — Clipmictil  Symbola  and  Fonnulii? — Combininpr  Proportioni — Atom*  - 
Molpcules— Atomic  and  Moletiilar  Cornbiniition— CoQipound  Hadicals--V'>laroe— 
Standard  Pressure  and  Temperature — Relative  Weight— The  Critb— ReUfioo 
between  Atcmie  Weights  and  Sp^ific  Gravity— Relation  between  Atomic  Weight* 
and  Specific  II eats — Atomicity  and  Quanlivalenoe— Chemical  Formulae  —  Substi« 
tution^Ifiomeriistn^Isomorpliism^AlIolropisia — The  Metric  System. 


Elements  and  Compounds, — By  an  element  or  simple  body  we 
understaiiil  a  BuWtanco  which  cannot  be  decomposedj  and  from  wbicli 
nothing  cau  l>e  taken  but  the  substance  itself.     Iron  is  an  element ; 

I  jou  can  extract  nothing  from  iron  but  iron.     The  elements  are  divided 

Tinto  two  classes— metals  and  non-metals,  or  metalloids.  This  division, 
liowever,  is  arbitrary. 

By  a  coinpound  body  we  understand  one  formed  by  the  union  of  two 

[  or  more  elementary  bodies.     Common  salt  is  a  compound  body-    Iti 

'maybe  formed  by  combining  sodium  and  chlorine.  From  commoaS 
salt  we  can  obtain  sodium  and  clilorine.  The  first  is  the  Sf/ntheUeat^ 
proof,  and  the  second  the  ana  i  if  heal  proof,  of  its  compound  nature. 

Kames  of  Bodies* — The  tmeient  names  given  to  bodies  were  mofl 
often  fanciful.  They  were  derived  either  (o)  from  their  resemblance 
certain  thingH  (as,  p.  ^.,  oil  of  vitriol^  sugar  of  lead,  butter  of  antimony 
liver  of  sulphur,  etc.)  ;  or  (/3)  frotn  some  remarkable  proper ti/  of  the  bodjf 

[{ae,  e.  ^,,  liaustic  alkali,  corrosive  sublimate,  vital  air,  sal  polycbrestji 
phosphorus,   antimony,    etc.),    or  (y),  from  the  name^  of  a  person 
heathen  diviniti/f  (as  e,g,,  Olauber^s  Salts,  Tantalum,  Niobium,  etc.)  oi 
(^)  from  the  name  of  a  place  {&^,  e.  ff,^   Epsom   salts,   Chdtenbam  saltM 
Columbium,  etc.),  or  (t)  from  the  name  of  a  planetary  body  (as,   §,  yj 
Tellurium,  Uranium,  etc.) 

A  reformation  in  nomencltiture  was  sug-gestedt  in  1781,  by  Guyton  ' 
Morveau,  who  proposed  that  the  name  should  indicate  somewhat  the 
properties  and  composition  of  tlie  body,  and  should  have  its  root  iai 
the    dead   languages.     In    1787,   he  obtained   for  this    purpose   the 
assistance  of  the  French  Academy  of  Sciences,   and  Lavoisier,  Ber 

^  thollet,  and  Fourcroy  were  appointed  to  join  him  in  the  work.     To 
large  extent  their  eflbrts  were  successful. 

Many  of  the  names  of  bodies  now  employ edj  express  some  speois 
characteristic.     Thus  chlorine  (xXwpoc,   green)  refers  to  the  color  o| 
the  substance;  bromine  {fipi^po*:,  etench)  to  its  odor,  etc.     Most  of  thi 

p  metals,  although  many  of  the  common  names  are  retained,  are  dia*^ 
tinguished  by  the  termination  \tm.  The  haloid  group  terminate  is 
im ;  some  terminate  in  on^  as  carbon  and  boron ;  and  some  in 
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{ytyyauf)f  as  hydrogen  (water-begetter),  oxygen  (acid-begetter),  nitrogen 
(nitro-begetter),  etc. 

In  the  case  of  compounds,  the  name  is  made  to  express  the  com^ 
ptments  of  the  body,  and,  as  far  as  possible,  its  constitution.  Thus,  the 
name  **sodic  chloride  "  expresses  a  compound  of  sodium  and  chlorine. 
The  term  '*  cmhydride"  signifies  a  binary  compound  containing 
oxygen  (an  oxide),  which,  when  combined  with  water,  forms  an  acid  ; 
for  example— 

SO,  -f-    HjO   =        Hg804. 

Sulphuric  anhydride  -f-  Water  ==  Sulphuric  acid. 

We  may  here  consider  the  meaning  of  the  various  terminations  and 
prefixes  used  in  chemical  nomenclature. 

I.  Terminations. 
(1.)  *'ide  "  is  applied  to  the  negative  constituent  of  a  binary  com- 
pound (that  is,  a  compound  formed  by  the  union  of  two  elementary 
bodies),  the  positive  constituent  being  made  to  terminate  in  '<ic." 
For  example— > 

Potassium  -f-  Iodine  form  Potassic  Iodide. 
Lead  -f-  Oxygen  „     Plumbic  Oxide, 

[Note. — Sir  H.  Davy  suggested  that  the  terminations  in  these 
cases  should  indicate  property,  **  ide  "  being  employed  for  acid,  and 
"  uret "  for  alkaline  compounds.] 

(2.)  "  ic  "  and  "  om«." — Two  bodies  may  combine  in  different  propor- 
tions. Thus,  tin  and  chlorine  combine  to  form  Sn  01^  and  Sn  CI4. 
The  termination  tc  is  given  to  the  positive  constituent  of  the  com- 
pound (Sn)  which  contains  the  largest  proportion  of  the  negative  con- 
stituent (Cl),  and  the  termination  ous  to  the  positive  constituent, 
which  contains  the  smallest  proportion  of  the  negative  constituent. 
For  example — 

Sn    +  CI2       =         SnCl«. 

1  Tin  -h   2  Chlorine  =  Stannous  chloride. 

Sn    +  CI4       =         SnCU. 

1  Tin  +   4  Chlorine  =  Stannic  chloride. 

(Similarly  FeO  =  ferrous  oxide,  FegOa  =  ferric  oxide;  HggO  = 
mercMrous  oxide,  HgO  =  mercurtV?  oxide ;  etc.) 

These  terminations  "I'c"  and  "om5,"  moreover,  are  employed  to 
disting^sh  acids  that  are  composed  of  the  same  elements,  but  in 
different  proportions.  Thus,  sulphur  forms  two  acids  by  its  combina- 
tion with  oxygen.  The  acid  which  contains  the  most  oxygen  is  called 
sulphurtc  acid,  whilst  that  containing  the  least  oxygen  is  called 
Bulphurot/5  acid. 

Sulphurous  acid   \  (  Sulphuric  acid. 

Phosphorous  acid  >   Contain  less  oxygen  than    J  Phosporic  acifli* 

Vitraus  acid  )  V  Nitric  aold. 
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les  that  tlie  sal" 
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(3.)  **  lie  '*  and  *'  ate:'— The  termmation  **  ite  "  implies 
is  a  compound  of  a  baae  and  an  acid  term  mating  in  **owir,''  and  tke 
termination  **  aU  '*  that  the  salt  ie  a  compound  of  a  base  and  an  acid 
terminating  in  *'ic;"  for  example — 

Sodic  snlpbiVj*  is  a  salt  of  Sulphnro«*  acid. 
Sodie  Biiljihrt^g  „  Sulphuric  acid. 

(4*)  *'a**  and  **ta/'^ — The  termiTiation  **a"  ia  usually  given  to 
organic  alkalies,"  such  as  soda,  and  **  ia**  to  organic  alkalies,  such  as 
Btrychnia.     The  rule  is  not  absolute. 

(5.)  "mc"  or  **m"  are  used  to  denote  a  neutral  alkaloid,  such  as 
caffeine,  piperin,  etc* 

(6.)  **  ^r'  or  '*  //^e  ^'  is  adopted  in  the  c^se  of  many  of  the  comx>onnd 
radicals,  such  as  methyle^  propyl,  etc.  In  these  latter  cases  the  rule 
is  by  no  means  constant- 

rr.  PrnKFiXES, 

(1.)  Biuy  Ter,  etc.  (Ijatin);    or  Man  or  Mom^  Dent^   etc.   (Greek) ; 
or  Di^  Tri\  Tttra,  etc.,  denote  varioua  proportions  of  constituents,  and 
the  position  of  various  compounds  in  a  series  ;  for  example — 
Carbonic  monoxide  (or  oxide)  signifies  0  -f  0. 
Carbonic  dioxide  (or  anhydride)      „         0  +  Oj. 

Tliere  is  no  rule  as  to  the  use  of  the  Latin  or  the  Greek  forms 

(2.)  ^^Per^^  denotes  the  highest  compound  in  a  series;  for  examplSt 
a  peroxide  signifies  that  oxide  Trhich  contains  the  largest  quantity  of 
oxygen  in  a  series  of  oxides. 

(3.)  *'  Sesqui^^  denotes  a  compound  where  the  relationship  of  tke 
elementary  atoms  is  as  2  to  3  ;  for  example,  sesquioxide  of  iron  (really 
ferric  oxide)  baa  the  formula  FonOg. 

(4,)  **/*ro/<?"  {TTputrou  first)  denotes  the  first  of  a  series  of  com- 
pounds j  for  example,  the  protoxide  of  iron  FeO  (also  called  ferroiM 
oxide)  contains  the  smallest  quantity  of  oxygen  of  any  iron  and  oxygen 
compound, 

(5.)  **  Ilt/po^*  (vwo,  under)  denotes  the  position  of  a  compound. 
Thus,  the  acid  containing  less  oxygen  than  mtphurous  acid,  is  called 
hyposulphjirf>us  acid. 

(6.)  ** Ill/per^'  (uJTfjo,  over)  refers  to  the  converse  of  the  prefic 
'*hypo."  Thus,  hj/pef'BulphvLroni  acid  (commonly  called  A]//?o8ulphurw 
acid)  denotes  an  acid  containing  mar^  oxygen  than  sulphurous  im'd. 

(7.)  **  Para^^  signifies  equal;  for  example,  ^Mrfrcyanogen  implies  A 
body  chemically  equal  to  cyanogen. 

(8,)  '*MHa^*  signifies  *' near  to."  Thus,  w<^/<iphosphoTic  acid  only 
difiers  from  orthojihospboric  acid  by  1  molecule  of  water. 

(9.)  **  Sub  "  implies  that  the  compound  contains  less  of  a  constituent 
than  is  indicated  by  the  rest  of  the  word. 

(10,)  ^'SutpV  or  '*Sulplw;'  *'Hydr''  or  "i7y(?fo,"— The  composi- 
tlon  of  acids  fanned  by  the  combination  of  sulphur  or  hydrogen  {mt/i(mi 


GHEMIOAL  SYICBOLS  AITD  FOBMUUB.  23 

txygen)  with  other  elements  is  expressed  by  the  foregoing  prefixes,  the 
terminals  ''oim"  and  "t^"  being  also  employed,  in  the  case  of  the 
sulphur  compounds,  to  indicate  the  proportions  of  sulphur  relatively 
present.  In  the  case  of  hydrogen,  such  terminations  are  not  needed, 
inasmuch  as  only  one  acid  is  formed  by  the  union  of  an  element  with 
hydrogen. 

Chemical  Symbols  and  Formula. 

The  alchymists  adopted  signs  to  represent  bodiea  Thus  ©  (sol) 
represented  gold,  and  ]>  (luna)  silver^  etc.  Chemists  now-a-days  denote 
the  various  elementary  bodies  by  symbols^  using  either  the  first  letter 
of  the  Latin  name,  or,  where  several  elements  have  the  same  initial 
letter,  the  first  letter  conjoined  with  a  smaller  one.  Thus,  0  =  oxy- 
gen ;  C  =  carbon ;  Ca  =  calcium ;  Cl=chlorine,  etc. 

Further,  this  symbol  represents  one  equivalent  or  combining  weight 
of  the  element.  Thus,  the  symbol  0  represents  a  similar  hulk  of 
oxygen,  that  the  symbol  H  represents  of  hydrogen,  but  a  weight  16 
times  as  great. 

A  compound  is  represented  by  the  symbols  of  the  several  com- 
ponents placed  one  after  the  other.  Thus,  HOI  represents  a  com- 
pound, formed  of  one  atom  of  hydrogen  and  one  of  chlorine,  or  by  1 
part  by  weight  of  hydrogen  and  35'5  parts  by  weight  of  chlorine. 

If  we  desire  to  express  more  than  one  atomic  proportion,  we  place  a 
little  figure  above  or  below  the  symbol.  Thus,  HgO  (or  H^O)  implies 
that  with  every  atom  or  1  atomic  part  by  weight  of  oxygen  there  is 
conjoined  2  atoms  or  2  atomic  parts  by  weight  of  hydrogen. 

If  the  figure  be  placed  before  the  whole  formula,  it  implies  that  all 
the  elements  composing  the  group,  i,  e.y  either  as  far  as  a  comma,  or 
some  other  sign  following,  or  else  included  in  brackets  immediately 
succeeding  the  number,  are  to  be  multiplied  by  the  said  number. 
Thus,  in  the  equation*  CaaPgOg  4-  2(H2S04)  =  2(CaS04)  +  H^OaPgOe, 
the  2  before  the  H^SO^  and  the  2  before  the  CaS04  implies  that  the 
whole  number  is  to  be  multiplied  by  2 ;  but  there  being  a  +  after 
the  CaS04,  it  follows  that  the  H4CaP208  is  not  to  be  multiplied  by  the 
2  preceding  the  CaS04. 

It  is  not,  however,  necessary  to  employ  brackets  unless  a  comma  be 
introduced  into  the  formula ;  thus,  in  the  equation — 

Ca3P208+2H2S04=2CaS04+H4CaP208 
the  multiplication  of  the  H2SO4  and  of  the  CaS04  respectively  by  2  is 
just  as  much  indicated,  as  if  the  formulse  had  been  placed  within 
brackets.     Thus,  the  formula  3Cu,2N03  implies  that  the  Cu  only  is 
to  be  multiplied  by  3,  and  not  the  2NO3 ;  whilst  if  the  formula  fol- 

*  A  chemical  "  equation"  signifies  the  expression  of  chemical  reactions  hy  chemical 
foirmtilsD. 

It  will  be  remarked  that  in  chemical  as  in  algehraical  equations,  the  sign  +  signifies 
addition  (or  admixture) ;  the  sign  —  suhtractioo,  and  the  sign  =  equa[ls  (ox  71^^^  QX 
is  oonvexted  into). 
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lowing  the  number  be  placed  in  brackets,  tbus,  3(Cu,2NO,),  it  then 
implieB  that  the  whole  number  is  to  be  multiplied  by  3.    Tku& — 
3Cu,2N05  would  be  equivalent  to  OusNgOg;  but 


3CU2NO3  or  I 


CujNfiOjs. 


rer- 

:e^ 

alS 

1 


3(0u,2NO,) 

OoMBurufo  pROPOBTiows — AxoMic  Theory. 

In  1774,  Wenzel,  a  German  chemist,  published  a  work  on 
General  Theory  of  Affinities."  This  in  realityi  contained  the  germ 
of  the  atomic  theory.  The  great  fact  noted  by  Wenzel  wa8,  that 
when  two  neutral  salts,  such  as  sodic  sulphate,  and  plumbic  acetate 
were  minced  together,  an  exchange  of  acida  took  place,  but  that,  never- 
theless, the  resulting  products  were  neutral,  proving,  as  he  remark) 
that  the  acid  of  the  one  salt  was  sufficient  for  the  base  of  the  other  si 

In   1792  Eichter,   a  Prussian  chemist,  wrote  a  work  on  **Stochi 
metry,   or  the   Mathematics   of  Chemical  Elements*'   {trroixfto^'f 
elements  yutrp tiy,  I  measure).     This  was  mainly  directed  to  illustrating 
the    relative  quantities   of  acid  and   base  necessary  for   saturatioi 
He  further  constructed  numerous  tables,  such  as  the  following, 
the  result  of  his  enquirieB*  1 — 

L  Adda.  2,  Ba^t* 

Fluoric       .,         »     427 

CartKinic    , .         ,,         , ,         , ,     577 

Sebaeic . .     706 

Munatit; 712 

Oxalic        . »         . .  . .  . »     76& 

Phosphoric  . .  . »         ,  ♦     979 

Formic 98& 

Sulphuric lOOO 

Succinic 1209 

Nitric        ..  1405 

Acetic        1480 

Citric 1683 

Tartaric      ..         ♦ 1694 

In  1800,  whilst  Dalton  was  analysing  some  compounds  of  hydroge 
and  carbon,  he  remarked  that  the  several  quantities  advanced  ii 
multiple  proportions.     The  same,  moreover,  he  found  to  be  time  wii 
other  compounds,  such  as  those  of  carbon  and  oxygen,  sulphur  an 
oxygen,   etc.     It  therefore  occurred  to  him  '*  that  matter  teas  comp 
ofparttrhs  of  definite  weights,  and  that  it  cmi^ined  in  those  weights. 

This  constituted  Dalton^s  *■  Atomic  Theory,"  the  fundamental  pr 
positions  of  which  were — 

(l.)  That  matter  is  composed  of  indivisible  and  indestructible  pa 
tides  called  atoms, 

(2.)  That  the  atoms  in  a  luasa  do  not  touch,  but  are  surrounded 
an  atmosphere  of  heat. 

•  These  tables  are  taken  from  Tbojnpion,  and  repreeezit  the  mutual  oomlii] 
proporlioDi  of  acid  aud  bate. 


Alumioa 

.     625 

Magnesia    . ,         . , 

,     i]  1  .'j 

Ammi>tiia  « . 

07 - 

Lime 

.   7a 

Soda          

.   8d 

StroDtia 

.  n% 

Potash        

,   160 

Barytes 

.  22s 
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(3.)  That  they  we  endowed  with  aitractiT©  and  repulslTe  foroea.        j 
(4.)  Iliat  they  have  spedfic  weights.  I 

Atoms  (ctt  fwt^  and  rifiiiitj  I  cut). — Here  we  refer  entirely  to  the 
atoms  of  elementary  bodies  and  not  to  *^  compound  radicaUf**  which 
tiave  been  caUed  '*  compound  atoms,^*  j 

(1,)  Every  element  consists  of  idtimate  particles  called  **  atoms,'* 
The  chemical  symbol  of  any  element  represents  this  atom.  Thus,  O 
represents  the  atom  or  smalleet  indivisible  particle  of  oxygen. 

(2.)  We  have  no  actual  knowledge  either  of  the  nhape^  or  of  the 
abiolute  weighty  or  of  the  absolute  volume  of  these  atoms. 

(3.)  The  atoms  of  any  given  substance  are  believed  to  be  of  identical 
F eight,  under  any  and  every  condition.     One  atom  of  oxygen  weighs 
the  same  as  every  other  atom  of  oxygen  i — 

(4»)  Nevertheless  the  atom  of  one  body  does  not  weigh  the  same  aa  j 
the  atom  of  every  other  body.    An  atom  of  oxygen  weighs  16  times  ad  I 
much  as,    and  an  atom  of  carbon  VI  times  as  much  aa,  an  atom  of 
hydrogen.     These  companson  tt^eighta  of  the  atoms,  (hydrogen  as  the 
lightest  body  known,  being  regarded  aa  1,)  are  called  atotntc  w€ighli» 
Ltomio  weights,  therefore  are  relative  weightsj  but  not  absolute  weights. 
?or  example  :  When  we  say  that  mercury  has  an  atomic  weight  of 
JOO,  we  mean,  that  the  atom  of  mercury  would  weigh  200  times  as 
luch  as  the  atom  of  hydrogen,  but   inasmuch  as  we  cannot  deter- 
iiine  the  absolute  weight  of  the  hydrogen  atom,  the  number  200  doea 
not  express  the  absolute  weight  of  the  mercury  atom. 

Accurately,  we  may  deEne  the  atomic  weight  of  an  element,  as  **  thai 

wdght  which  would  occuptf  in  the  8tat4  of  gas  the  same  volume  as  the  unit 

eeight  of  hydrogen  under  the  aame  temperature  and  pressure.^* 

If^  however,  we  cannot  obtain  tlie  element  in  a  state  of  gas  (as,  e,  g.^ 

the  case  of  carbon),  the  atomic  weight  is  then  deduced  from  other 

'  considerations  such  as  the  speciBc  heat  of  the  body,  etc. 

By  the  term  **  combining  proportion  '*  Sir  H,  Davy  implied  the  smallest 
proportion  bg  weight  (hydrogen  being  regarded  as  unity),  in  which 
bodies  combine  with  each  other. 

Molecule  {MoUcula,  a  little  mass,) — These  may  be  compound  or 
elementary, 

(a.)  Compound  Molecules*     A  compound  body  is  made  up   of  two 
or  more   elementary  atoms.     A  molecule  of  any  given  compound  isJ 
^*^th€  smallest  possible  cluster  of  elementary  ato^ns  capable  of  cxisling  us  tM^ 
^mtompound^  and  of  having  an  independent  chemical  action.^*     Thus  a  mole* 
HmIp  of  water  (H^O)  consists  of  2  hydrogen  atoms  and  1  oxygen  atom. 
^Bwre^o^i^  the  water  molecule  consists  of  3  atoms,  inasmuch  as  nothing 
less  than  an  aggregate  of  3  atoms  can  form  water.    Or  again,  a  mole* 
^cule  of  ammonia  (NH^,),  consists  of  4  atoms,  viz.,  3  of  hydrogen  and  1 
^fef  nitrogen.    It  could  not  be  ammonia  if  there  were  less  than  4  atoma 
^Bttnent,     A  molecule,  therefore^  mag  be  a  cluster  of  any  number  of  a^OMU 
^^^Bp  two  upwards.  I 
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Tbe  atomic  weight  of  a  molecfule  la  the  sum  of  the  weights  of  the 
several  atoms  of  which  it  is  composed.  Thus  1 8  is  the  atoniic  weight 
of  a  molecule  of  water  (H^0=2-hl6).  The  molecular  weight  of  a 
hjdrogen  salt  is  always  that  weight  which  contains  as  many  hydrogen 
atoms  aa  can  be  replaced  by  potassium,  silver,  etc.  Thus  CsO^H^  is 
the  formula  for  a  molecule  of  oxalic  acid,  and  90  is  ita  molecula^M 
weight.  Wo  do  not  regard  CO^H  as  its  formula,  or  45  as  its  mole^B 
cular  weight,  because  we  are  able,  not  only  to  replace  both  atoms  of 
hydrogen  by  potassium,  forming  the  neutral  potassic  oxalate  CgO^Ka, 
but  to  replace  one  hydrogen  atom  only  by  potassium,  thereby  forming 
hydric  potassic  oxalate  OjO^HK, 

Conversely,  we  represent  63  as  the  molecular  weight  of  HNO,,  and 
not  126  (viz.,  HoNgOf,)  because,  whilst  we  have  the  salt  XNO3  we  know 
of  no  such  salt  as  IIKK^Og. 

(^.)  Ekvimtiirij  molecules. — -There  are  strong  reasons  for  believing 
that  our  knowledge  of  the  reactions  of  elements  pertains  exclusivelj^H 
to  their  molecuhir  and  not  to  their  atomic  condition,  and  that  in  all" 
decompositioas  and  combinations  the  molecule  of  the  element  is  con- 
cerned, although  only  one  of  the  atoms  of  the  molecule  may  be  at 
work  in  effecting  the  change.  Hence  a  free  element,  such  as  hydro- 
gen, never  appears  to  work  singly,  but  in  clusters,  and  we  therefore, 
in  a  molecular  formula^  double  the  simple  or  atomic  formula.  In  a 
bottle  of  hydrogen  therefore,  we  shall  do  well  to  regard  the  gas,  not 


I  made  up  of  particles  of 


H 


of    H    H 
I       I 


^  1,  but  as  made  up  of  atom-clusters 
=2 ;  and  the  convenience  of  this  diatomic  symbolization, 

as  it  is  called,  will  appear  farther,  when  we  note  that,  with  very  few 
exceptions,  compound  bodies  in  their  vaporous  condition,  occupy  two 
volumes.     This  leads  us  to  define — 

An  atom  of  an  elementart/  bodt/  as  the  smallest  proportional  weigl 
of  that  body  capable  of  existing  in  chemical  combination  ;  and 

^  molecule  of  an  eUmtntart}  hodf/  as  the  smallest  proportional  weigh 
capable  of  existing  in  a  free  or  uncombined  state. 

By  the  phrase  molecular  weighty  then,  we  imply  *'the  weight  of  I 
Tolumes  of  any  substance,  elementary  or  compound,  compared  wit 
the  weight  of  two  volumes  of  hydrogen,**     Thus — 

Ho=2:  Therefore  the  molecular  weight  of  0^=32,  of  013^=71, 
HC1=36'5. 

The  symbol  of  a  compound  body  represents  a  molecule  of  that  body. 

Br.  Prankland  expresses  this  fact  by  stating  that  no  element  can 
exist  with  any  of  its  bonds  unconnected,  and  that  therefore  the  mole- 
cules of  all  elements  having  an  uneven  numlier  of  bonds  are  generally. 
diatomic,  but  are  always  polyatomic.  Thus — 
Hydrogen  (H',)  H— Hj  Nitrogen  (N;)  N  =  Nj  i 
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In  some  cases  (viz.,  mercury,  zinc,  and  cadmium)  we  find  an 
element  capable  of  existing  as  a  monatomic  molecule,  its  own  bonds 
satisfying  each  other.     In  such  a  case,  however,  its  atomicity  must  be 
even  (artiad).     Thus — 
Mercury  (Hg^)^Hg-^;  Zinc  (Zn^  ^— Zn—;  Cadmium  (Cd^)^— Cd-~^; 

but,  on  the  other  hand,  such  an  element  may  be  also  polyatomic,  as  in 
ozone,  which  is  an  allotropic  form  of  oxygen  where  the  molecule  is 
triatomic.     Thus  O2  (0=0)  represents  the  ordinary  diatomic  mole* 

cular  form  of  oxygen,  whilst  Os  (^/V )  represents  the  triatomic 
molecule  of  ozone. 

COMBINATIOW  BY  WEIGHT. 

The  laws  of  chemical  combination  as  taught  by  Dalton  are  as 
follows : — 

I.  That  every  definite  chemical  compound  has  a  fixed  and  invariable 
composition ;  that  is,  a  given  compound  always  consists  of  the  same  elements 
united  in  the  same  proportions. 

Thus,  hydrochloric  acid  (HCl)  consists  of  1  atom  of  hydrogen  (H) 
combined  with  I  atom  of  chlorine  (CI).  The  weight  of  the  hydrogen 
atom  being  1,  and  the  chlorine  atom  35*5,  it  follows  that  in  every  36'5 
grains,  or  pounds,  or  tons  of  hydrochloric  acid,  there  is  1  grain,  or 
pound,  or  ton  of  hydrogen,  and  35-5  grains,  or  pounds,  or  tons  of 
chlorine.  Hydrochloric  acid  can  be  formed  in  no  other  proportion 
than  1  part  of  hydrogen  to  35*5  parts  of  chlorine. 

II.  ^  one  substance  combines  unth  another  in  more  than  one  proportion, 
the  several  proportions  are  always  some  multiple  or  sub-multiple  of  the  lowest 
of  these  proportions. 

This  is  illustrated,  for  example,  in  the  oxides  of  nitrogen  : — 

Nitrous  oxide N.jO  

Nitric  oxide    N^Oj  

Nitrous  anhydride ^2^8  

Nitric  peroxide ^3^4  

Nitric  anhydride NjO^  

It  will  be  seen  how  the  various  quantities  of  oxygen  increase  by 
definite  multiples  of  16.  It  often  happens,  however,  that  a  series  may 
be  deficient,  or  that  the  proportions  are  less  simple  than  in  the 
illustration  given. 

UL  If  the  weights  in  which  a  series  of  bodies  (B,  C,  D,  E,  etc.)  com- 
bine with  another  body  (A)  be  determined,  these  weights  or  some  multiple  or 
sub-multiple  thereof,  are  also  the  weights  with  which  B,  C,  D,  and  E  com- 
bine  amongst  themselves : — 

Example:    16  of  oxygen  will  combine  with  66  of  zinc,  and 
16  X  2  =  32  of  oxygen  „  32  of  sulphur; 

Therefore  $5  of  zinc  „  32  oi  iu\0i\a. 


,„,^„    Atomic  weight 
"««°-      of  Oxygen. 

28 

to     16. 

28 

to     16  X  2  = 

32. 

28 

to     16  X  3  = 

48. 

28 

to     16  X  4  = 

64. 

28 

to     16  X  6  = 

80. 
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IV.  In  a  compound  hody^  the  conihining  weight  of  the  compound  i$  the 
total  combining  weight  of  the  components. 

For  example,  the  combiiung  weight  of  sulphur  is  32,  and  of  oxygen 
16.  The  combining  weight  of  sulphuric  anhydride  (80$),  which  ia 
composed  of  1  of  sulphur  and  3  of  oxygen  ia,  therefore,  80. 

Theso  facts  give  accuracy  to  all  chemical  reactions.  In  the  lahora- 
t/ory  no  materials  are  mixed  at  random  ;  bodies  combine  in  exact 
proportions^  and  form  products  of  definite  weights.  It  follows  that, 
**  As  the  total  mofetidar  weight  of  the  substance  pven  is  to  the  total  molecvhr 
iceight  of  the  substance  required,  so  is  the  givm  weight  to  the  required  weight.^* 
That  is,  if  we  desire  to  obtain  500  grammes  of  carbonic  anhydride 
Irom  sodic  carhonatej  knowing  that  every  106  parts  of  sodic  carbonate 
contain  44  parts  of  tarbonic  anhydride,  the  exact  quantity  of  sodic 
carbonate  necessary  to  produce  the  500  grammes  may  be  estimated  by 
the  equation — 

44  :   106   :   :  500  ;  x. 

Atomic  and  Molecnlar  Comlaiiiation.— H  represents  an  atom  of 
hydrugen.  H.,  rej>resonts  a  moleeulo  of  hydrogen,  or  the  smallest 
portion  of  hydrogen  capable  of  existing  in  the  free  state.  CI  similarly 
represents  an  atom,  and  CI^  a  molecule  of  cMorine.  To  express  the 
combination  of  these  bodies  in  ato7nic  fonnula  we  write  it  thua — 

C1+H=HC1, 

whilst  to  express  their  combination  in  mokadar  formula  we  w^rite  it 
thus— 

Ol2  +  H^^2HCL 

this  latter  implying  the  bringing  together  of  two  molecules,  and  a 
mutual  interchange  occurring,  whereby  two  molecules  of  a  new  body 
are  formed.  Two  molecules  occasionally,  though  rarely,  unite  to  form 
one  molecule,  from  the  latent  atomicity  of  an  element  becoming 
active.     Thus-* 

''C'0  +  Cl2=C^^001jj  {phosgene  gai), 

where  the  latent  atomicity  of  the  carbon  etjual  to  2  in  the  CO  becomes 
active  in  the  COClo^  thereby  making  the  active  atomicity  of  the  carboa 
in  the  latter  compound,  double  what  it  was  in  the  former. 

There  is  what  Fraukland  calls  a  mokcular  union  or  combination^  where 
nu  change  reaiilts  in  the  active  atomicities;  as,  for  example,  in  the  com- 
hination  of  salts  with  their  water  of  crystallization.  In  such  cases  we 
place  a  comma  between  the  molecules.  Thus,  crystallized  magaesic 
sulphate  is  represented  by  Franliland  as  SOHogMgo^jGOIIg,  whioh 
imiiliea  that  the  GOR^  is  molecularly  combined  with  the  salt.  Such 
combinations  arCj  for  the  most  part,  unstable. 

CompoUBd  Radical3. — A  compound  radical  is  "a  grcup  of  two  cr 
more  atoms j  which  behaves  in  all  respecls  as  though  it  were  an  element J^ 

Such  compound  groupings  were  supposed  by  Liebig  to  be  peculiar 
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to  bodies  of  organic  origin,  but  their  existence  is  now  recognised 
amongst  inorganic  substances. 

Theoretically,  the  number  of  compound  radicals  must  be  endless ; 
practically,  however,  chemists  only  dignify  those  groupings  as  com- 
pound radicals,  that  can  be  shown  to  enter  into  the  composition  of  a 
large  number  of  compoimds. 

Eespectiug  these  compound  radicals  we  must  note  that — 

(1.)  Every  compound  radical  must  contain  a  polyad  element;  that 
is,  an  element  requiring  two  or  more  hydrogen  atoms,  or  their  equiva- 
lent, to  saturate  it. 

(2.)  Compound  radicals,  like  the  elements,  are  of  different  atomici- 
ties, the  atomicity  dependiug  on  the  number  of  hydrogen  or  other 
monad  atoms  required  to  satisfy  them.     Thus — 

If  you  remove  H  from  the  fully  saturated  NH3  (ammonia),  a 
'* residue"  or  ** compound  radical"  remains,  which  is  no  longer  satu- 
rated, called  amidogen  (NH^)  of  monad  atomicity.  Thus,  amidogen 
will  combine  with  the  monad  element  potassium,  to  form  potass-amine 
(NHgK). 

If  you  remove  H^  from  NH3,  a  radical  is  left;  called  imidogen  (NH), 
of  dyad  atomicity.  Thus,  imidogen  will  combine  with  two  atoms  of 
the  monad  compound  radical  methyl  (CH3)  to  form  dimethyl-amine 
NH(CH3)2. 

(3.)  The  molecule  of  a  monad,  triad,  or  pentad  compound  radical, 
like  the  atom  of  a  monad,  triad,  or  pentad  element,  cannot  exist  in  a 
free  state,  but  when  isolated  combines  with  itself.  Thus,  H^  repre- 
sents a  molecule  of  hydrogen,  and  (H0)2  a  molecule  of  the  monad 
compound  radical  hydroxyl. 

A  few  examples  will  render  these  facts  clear,  and  illustrate  their 
application. 

In  nitj-ic  add  we  have  a  body  built  up  on  the  water  type,  containing 
a  monad  compound  radical  NO2  in  the  place  of  a  hydrogen  atom. 

^  }  0  =  H2O  [OH2] ;  so  ^-g«  }  0  =  HNO3  [NO2H0.] 

In  sulphuric  acid  we  have  the  dyad  compound  radical  SOg  having  two 
unsatisfied  bonds  ( — 0— S — 0 — ),  each  bond  being  combined  with 
(Ho) ;  thus — 

SO2  {  ^  or  H28O4  =  [SO^Hog.] 

In  phosphoric  acid  we  have  the  triad  compound  radical  (PO)  having 
three  unsatisfied  bonds,  phosphorus  being  a  pentad,  each  bond  being 
combined  with  (Ho) ;  thus — 
fHO 

po^  ho  =  h3po4  [poh03.] 
(ho 

In  organic  chemistry  we  have  the  well-marked  compound  mon- 
atomic  radical,  cyanogen  (CN  or  Cy).    Like  chlorine,  wMch  com\)\Ti«% 
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with  hydrogen  to  form  hjdroclilorio  acid  (HCl),  it  combinee  with 

[lydiogen  to  form  hydrocyanic  acid  (HCy),  two  volumes,  aa  in  tho 

^  former  case,  combining  without  condenBauon. 

Dr.  Fraukland  rocognizea  in  hia  notation  the  following  compound 

radicals :  — 

Molecular 
forinula. 

(HO),    . 
(US),     . 


Semi-tnol^cular    Semi-molecuUr 


Hydroxy!  .,, 
Hydrosulphyl 
Ammouiuni.,. 
Animonoxyl, . , 
Amidogon    , . . 


(NH4) 


formula. 
HO    .. 

symbola 
...     Ho 

HS  ... 

..,     Ha 

NH4... 

...     Am 

NH^O 

...     Amo 

NH,.,. 

...     Ad 

(NH,0), 
_  (NHo)«  ... 

Compoun<lfi  of  metals  with  oxygen,  each  oxygen  atom  being  com- 
bined with  the  metal  by  one  bond  only,  tho  other  or  others  being  free 
to  combine  with  other  element5>,  are  also  regarded  aa  compound 
radicals. 

Semi-molcciular 


"-i"  °-^   as 


Ko,B 


'4 


Potass-oxyl  ...     (KO)g         ...       Ko      ...     — 0— K 
Zinc-oxyl       ...     {ZuOl)         ...       Zno"   ...     — 0— Za— 0- 

In  adopting  the  abbreviated  form  for  the  compound  radical  {i\g.y  ^^f  ■ 
Zno'')  tho  use  of  the  b'ttle  o  merely  expresses  that  it  forms  part  of  the 
radical,  but  it  does  not  express  the  atomic  proportion  in  which  theJ 
oxygen  is  present,  this  being  determined  by  the  atomicity  of  thof 
element  with  which  it  is  associated,  and  which^  as  in  the  case  of  the 
elementSp  is  marked  by  dashes. 

Thus  :  Ko=KO ;  Zno*=ZnO^. 

Volnme  {vohoy  I  roll). — **  A  volume"  in  chemical  language  impliea 
the  space  occupied  by  a  "known  weight  of  a  gas  at  a  given  temperature^™ 
-mnd  pressure,  compared  with  llie  apace  occupied  by  known  weights  of^| 
other  gases  at  a  similar  temperature  and  presBiire.  ^ 

Gay  Lussac  in  1809  proved  that,  as  in  compound  bodies  the  ele-. 

entary  atoms  combine  in  fixed  weights  (as  shown  by  Dal  ton),  so, ; 
gaseous  compounda,  the  constituents  combine  in  fixed  volumes. 

The  symbols  H,  0,  CI  represent  atoms  of  hydrogen,  oxygen,  and] 
chlorine,  having  relative  weights  of  1,  16,  and  35^5  respectively.  If 
we  take  1  gramme  of  hydrogen  we  should  find  that  at  a  certain  tem- 
perature and  pressure  the  volume  of  tho  gas  would  meaam-e  1 1  *2  Litres. 
In  order  to  obtain  a  volume  of  oxygen  measuring  11-2  litres,  or  a 
volume  of  chlorine  meaBuring  112  litres  at  a  similar  temperature  and 
iressure,  we  should  require  in  the  former  case  16  grammes,  and  in 
the  latter  case  35*5  grammes.  These  weights  are,  it  will  be  noticed, 
the  atomic  weights  of  oxygen  and  chlorine.  Henve,  the  spnkfis  H,  0| 
and  CI  represent  different  iveifjMs  of  the  gases,  but  swiilar  bulks. 

Again,  imagine  this  |     |   to  represent  separate  volumes  of  hydro- 
g-ejij  OJ^jgen,  and  chlorine*    If  this  volume  of  hydrogen  weighed  1 


OHEiaOAL  BYMBOLa  AND  FORICTJUB.  31 

grain,  a  similar  volume  of  oxygen  would  weigh  16  grains,  and  of 
chlorine  would  weigh  35-5  grains.  Hence  the  symbols  H,  0,  CI  represent 
similar  bulks  of  the  several  gases,  but  different  weights. 

These  facts  were  first  noted  in  1811  by  Amedeo  Avogadro,  and  in 
1814  by  Ampere.  They  remarked  that  the  effect  of  changes  of  tem- 
perature and  pressure  on  all  gases  was  alike,  and  reasoning  on  the 
constancy  of  the  results  they  concluded  **  that  equal  volumes  of  all  sub- 
sUmus  in  a  gaseous  state  contain  under  like  conditions  the  same  number  of 
molecules*^  (**  Journal  de  Physique,"  July,  1811).  But,  inasmuch  as 
equal  Tolumes  had  different  weiglits,  it  followed  that  the  molecules  of 
different  gases  must  also  have  different  weights. 

An  illustration  will  make  these  facts  clear : — 

(a.)  The  Tolume-combination  of  hydrogen  and  chlorine  to  form 
hydrochloric  acid  may  be  thus  expressed. 


H      +    fcTl    =   JHiCl 


which  implies  that  a  given  volume  of  hydrogen  combines  with  a 
similar  volume  of  chlorine  to  form  two  volumes  of  hydrochloric  acid. 

(/3.)  The  combination  of  hydrogen  and  chlorine  by  weight  is 
expressed  thus-* 

which  implies  that  1  part  by  weight  of  hydrogen  combines  with  35*5 
parts  by  weight  of  chlorine  to  form  36-6  parts  by  weight  of  hydro- 
chloric acid. 

(y.)  If  therefore  the  hydrogen  volume  has  a  weight  of  1,  the 
chlorine  volume  must  have  a  weight  35*5  times  as  great;  inasmuch, 
however,  as  both  volumes  contain  the  same  number  of  molecules,  it 
follows  that  the  weight  of  the  chlorine  molecule  must  be  35-5  times 
that  of  the  hydrogen  molecule. 

(5.)  It  is  evident  that  the  volume  of  any  two  gases  making  a  com- 
pound are  to  one  another  as  the  atoms  of  the  elements  forming  the 
compounds.     Thus — 

{1  atom  of  H  combines  with  1  atom  of  CI, 
or 
1  voL  of  H  combines  with  1  vol.  of  CI. 

!2  atoms  of  H  combine  with  1  atom  of  0, 
or 
2  vols,  of  H  combine  with  1  vol.  of  0. 

(c.)  To  this  law  there  are  certain  exceptions :  — 
(1.)  In  the  case  of  PAoa/jAon^  and  Arsenic,  the  number  of  volumes 
must  be  halved, 
Thus— 

In  P  H     \^  '^^^^'  ^^  ^  combine  with  ^  vol.  of  P  vapour ;  or 

^'16  vols,  of  H  combine  with  1  vol.  of  P  vapour. 
In  A  H    1  ^  ^^^^'  ^^  ^  combine  with  ^  vol.  of  As  vapour ;  or 
^'16  voLs.  of  H  combine  with  1  vol,  of  As  vopoxMC. 
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(2,)  In  the  ease  of  Mercury ^   Zinc,  and  Cadmium^  the  number 
volumes  must  be  doubled. 

Hence,  the  general  facts  may  be  sfatcd   as  follows: — '^Thecoi 
bining  volumes  of  all  elementary  gases  are  equal,  excepting  Pho8«1 
pborus  and  Arsenic,  which   are   one-half,  and   Zinc,  Mercury,  and 
Cadmium,  which  are   double  those    of  the    other  elements   in   the 
gaseous  state." 


s  im- 

odar^H 
>guli^ 

ties  0^^ 
re  is 

thi 

agejH 


Stawdabd  Pbessuhe  aitd  Tempsratuhb. 

In  connection  with  our  study  of  volume -co  mbinationt  it  is   im- 
porUmt  to   uiidi^rstand  the  method  of  correcting  gases  to  standi 
temperature  and  pressure,  wben  the  volume  is  estimated  at  irre, 
temperatures  and  pressures. 

The  $fa?ulard  pressure  is  when  the  barometer  stands  at  30  inches 
7B0  millimetres  (really  29' 02  inches),   and  the  standard  temperature  b 
regarded  as  0'-  Centigrade. 

(1.) — ^Standard  Pressure* — ^This  implies  *'  the  pressure  of  a  .'.o/i 
i^  mercury  of  30  mcha,  or  of  700  mm  ,  at  the  temptTature  q/*0°  (7." 

By  the  term  *'  I   pressure  "  or  *M   atmosphere  **  is  implied 
weight  of  a  30-inch  colli mn  of  mercury,  wliich  the  air  (on  an  average] 
is  capable  of  supporting.     Such  a  column  is  found  to  press  with  a 
weight  of  15  lbs.  on  the  square  inch.     A  pressure  of  16  lbs.  on  tj 
square  inch,  therefore,  constitutes  what  is  called  **  1  pressure'*  or 
atmosphere ; "  a  pressure  of  30  lbs.  on  the  square  inch  constituti: 
"  2  pressures"  or  **  2  atmospheres,"  etc. 

The  relationship  of  the  volume  of  a  gas  to  pressure,  known  as 
Law  of  Boyle  and  Marriotte  (1662)  is  as  fellows: — *♦  The  i^nperutu: 
being  constant,  the  volume  of  a  gas  varies  inverMly  as  the  pressure  ;^^  that 
is,  the  smaller  the  pressure,  the  greater  the  volume  j  the  greater  the 
pressure,  the  smaller  the  volume. 

A  given  quantity  of  any  gas  at  1  pressure    =  I  volume, 

,1  ,,  2  pressures  =^  ^  volume. 

n  ,,4  pressures  =  4  volume. 

ft  ff  i  pressure    =  2  volumes. 

i»  ,,  J  pressure    =  4  volumes. 

Or  the  facts  may  be  stated  thus  :  — 

1  litre  of  gas  at  30  in.  B.P.  (760  mm.),  would  occupy  2  litres 
15  in.  B.R  (380  mm  ),  and  0-5  litre  at  60  in,  B.P,  (1,520  mm,); 
100  cubic  inches  at  1  pressure  would  become  50  cubic  inches  under  i 
pressure  of  2  atmospheres,  and  200  cubic  inches  under  a  pressure 
half  an  atmosphere. 

To   correct  a  gas,   therefore,  from  an  irregular  pressure   to  thi 
standard  pressure,  the  simple  rule  is, — 

As  the  required  pressure  (i.e,  30  in,  or  760  mm.)  is  to  the  given  pr 
9uret  io  is  the  given  bulk  to  (he  required  hulk. 
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Examples — 

(a.)  If  a  gas  occupies  250  cubic  in.  at  292  in.  B.P.,  what  bulk  will  it  occupy  at 
standard  pressure  ? 

30    :    29-2    : :    250    :    x.        Ant.  243-3  c.  L 
03.)  If  at  754  mm.  a  gas  measures  1*25  litres,  what  will  it  measure  at  standard 
temperature  ? 

760    :     754    :  :    125    :    x.        Atu,  1240  Utre. 
(7.)  What  bulk  will  a  gas  occupy  at  29  in.  B.P.  which  measures  0*6  litre  at  30  in.f 
29    :       30    :  :     0*6     :     x.        Ana.  0  62  litre. 

(2.) — Standard  Temperatnre. — The  law  of  Charles  states  that 

*'  The  volume  of  a  given  mass  of  gas,  the  pressure  being  constant,  varies 
directly  as  the  absolute  temperature.*^ 

The  standard  of  temperature  is  regarded  as  0^  0. 
The  law  of  Charles  therefore  declares,  that  gases,  unlike  solids 
and  liquids,  expand  by  heat  and  contract  by  cold  regularly  for  every 
increase  or  decrease  of  temperatura  What,  then,  is  this  regular  in- 
crease  f  Experiment  proves  that  it  is  an  increase  of  the  ^fj  P^^  ^^ 
the  volume  of  the  gas  (or  0*00366),  for  every  1°  C,  or  the  ^H  P*'^ 
(or  0-00204)  for  every  1^  Fah. ;  Hence— 

273  vols,  at  0°  C.  become  274  vols,  at  1^  C. 

273  „  „  275       „       2^C. 

273  „  „  373       „  100°  C. 

If,  therefore,  a  gas  measures  a  litre  at  273°  C,  it  will  only  measure 

half  a  litre  at  0°  C,  the  pressure  being  constant 

To  correct  for  temperature,  the  rule  is, — 

'*-4»  273  +  the  given  temperature  {in  Centigrade  degrees)  is  to  273  + 
the  required  temperature,  so  is  the  given  bulk  to  the  required  bulkJ* 
Examples — 

(a.)  A  gas  measures  1  litre  at  273'0**  C,  what  will  it  measure  at  0**  C.  (standard 
temperature)  ? 
273  +  273     :     273  +  0     :  :     1     :    x.        Ans.  x  =  0-5  litre. 
03.)  A  gas  measures  25  cubic  in.  at  20°  C,  what  will  it  measure  at  the  standard 
temperature  ? 

273  +  20  :  273  +  0  :  :  25  :  it.  Am.  x  =  2329  c.  i. 
In  stating,  therefore,  the  volume  of  a  gas,  it  must  in  all  cases  be 
corrected,  (I)  to  standard  pressure  (30  in.  or  760  mm.),  the  bulk  of  the 
gas  varying,  according  to  the  law  of  Marriotte,  "  inversely  as  the  preS' 
sure;**  and  (2)  to  standard  temperature  (0°C.),  the  bulk  of  the  gas 
varying,  according  to  the  law  of  Charles,  *^  directly  as  the  tempera^ 
ture:* 

MoLEcuLAB  Combination.     Combination  by  Volume. 
Doctrine  of  Types. 


(1.)  -4  molecule  of  hydrogen  tt  f  is  represented  thus  HjH  |  {Sydro- 
gen  Type). 

One  of  the  H  atoms  of  the  molecule,  may  be  replaced  by  one  or 
other  of  the  haloid  elements  (OJ,  Br,  I,  F),  to  form  a  hy dradd  \  T\i\\^ — 
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1^1    +    [nij    ==    iHial  or  1  +  35-5  ^  36-5. 

1  vol.     +      1  vol.     =       2  TOb. 

Such  acid  may  be  represented  aa  the  combination  of  2  volumes  of 
chlorine  (1  molGciiJo)  with  2  volumes  (1  molecule)  of  hydrogen,  four 
volumes  of  hydrochloric  acid  gas  resulting. 


cija 


HOiHCl 


HCliHCl 


Whenever  I  volume  of  one  gas  combines  %mih  1  tfolvm^  of  a  $eco 
no  condensation  reitdts;  that  f«,  the  by  Ik  of  the  compound  fot^n^d,  i$ 
game  as  the  Imlk  of  the  two  gaseji,  and  the  weight  as  the  weight  of  th^  i 
QQses^  from  which  it  was  produced.     The  fact,  therefore,  is  that — 

1  litre  of  chlorine  -h  1  litre  of  hydrogen  :s  2  Utrei  of  hydrochloric  addgtk 

Or,  in  other  words,  a  given  hulk  of  hydrochloric  acid  gas  is  one-ha 
hydrogen  and  one-haK  chlorine.     The  eame  is  also  true  of  hydrio 
acid,  hydrobromic  acid^&a,  which  are  also  formed  on  the  hydrogen  1 

(2.)  TT  f  0  representa  a  molecule  ofwattr  (  Water  Tifpe)^ 

Whenever  2  tofumeii  of  one  gas  combine  with  1   volume  (f  another 
iheg  suffer  condemnation  to  the  extent  of  ^  j  that  is,  the  bulk  of  the  compmi 
formed  is  only  |  that  of  the  original  gases  from  which  it  was  prodtu 
nevertheless  the  weight  of  the  two  volumes  ao  formed^  is  the  total  weight  \ 
the  three  volumes  that  formed  them.     Thus — 


4- 


0         ^ 


HJO 


or  2   -h    16  =  18. 


1  vol.       ^  2  vbU. 

This,  again,  constitutes  a  type  of  another  group  of  compound 
such  as  H.jS,  HjSe,  etc. 

(3.)  H  -  N  representa  a  molecule  of  ammonia  gas  (Ammonia  7)/pe)n 
H) 

Whenever  3  volumes  of  one  gas  combine  with  1  volvme  of  another 
they  sttffer  condensation  to  the  extent  of  J ;  that  is,  the  bulk  of  the  ct 
pound  formed  is  only  one-half  thai  of  the  original  gases  from  which  it 
pf^vcedf  nevertheless  the  weight  of  the  two  volumes  soformedj  is  the  i 
weight  of  the  four  voiumes  that  formed  them.     Thus — 


HiH 


H 


3  void. 


|N  I     =; 
1  vol.    = 


N  iH,  I    or  3   +   14  =   ll 
2  vols. 


Hi 


(4.)  g  ^  C  represents  a  molecule  of  marsh  ^as  {Marsh  Gas  Type), 
Whenever  4  volumes  of  one  gas  combine  mth  1  volume  of  another  gaSf  th 
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iuffer  condensation  to  the  extent  off ;  tfuU  is,  the  Jive  volumes,  after  com- 
htnation,  only  measure  2  volumes,  nevertheless  the  weight  of  the  two  volumes 
90  formed,  is  the  total  weight  of  the  five  volumes  that  formed  them.    Thus — 


H    H    H    H 


+    !  C 


H4 


or  4  +    12  =  16. 


4  volfl.  +     1  vol.     =     2  vols. 

It  would  thus  appear  that  the  molecules  of  compound  bodies  in  the 
gaseous  state,  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas ; 
aU  compounds,  no  matter  what  the  number  of  atoms  or  volumes  may 
be  of  which  they  are  composed,  becoming  condensed  into  2  volumes. 

Belative  Weights  of  Compound  and  Elementary  Gkues- 

By  the  Specific  Gravity  of  a  gas  we  imply  its  weight  compared  with 
air. 

By  the  relative  weight  of  a  gas  we  imply  its  weight  compared  with 
hydrogen. 

(a.)  In  the  case  of  the  elementary  gases,  it  is  manifest  that  their 
atomic  weights  must  be  also  their  relative  weights.  A  given  volume  of 
oxygen  weighs  16  times  as  much  as  a  similar  volume  of  hydrogen ; — 
16,  therefore  is  the  relative  weight  of  oxygen. 

(/3.)  In  the  case  of  compound  gases  it  must  be  remembered  that  after 
the  combination  of  their  constituent  elements,  two  volumes  are  formed. 
Hence  the  relative  weight  of  any  compound  gas  is  the  sum  of  the 
weights  of  the  component  elements  divided  by  2.  For  example,  a 
volume  of  hydrogen  (I)  and  a  volume  of  chlorine  (35-5)  form  two 

——or J  18-25   in   the 

relative  weight  of  hydrochloric  acid  gas ; — ^in  other  words  hydro- 
chloric acid  gas  is   18  25  times  heavier  than  hydrogen.     Similarly 

water  gas  is  f— —  =  j  9  times  heavier  than  hydrogen,  and  ammonia 

gas   (-o~~=')  ^'^  times,  and  marsh  gas   (_— =J    8  times  heavier. 

These  nimibers  therefore  constitute  the  relative  weights  of  these 
compound  gases. 

Unit  of  Volume. — The  Crith— Hydrogen,  being  the  lightest 
known  gas,  is  regarded  not  only  as  the  unit  of  weight,  but  as  the  unit  of 
volume.  A  litre  of  hydrogen  weighs  0*0896  grm.,  this  number  being 
called  a  crith  (KpS^,  a  barleycorn). 

(a.)  The  weight  of  a  litre  of  any  elementary  gas,  is  found  by  mul- 
tiplying 00896  grm.  (». e.,  the  weight  of  a  litre  of  hydrogen)  by  its 
atomic  weight.     Thus — 

1  Litre  of  oxygen  weighs  0-0896  x  16  =  1-433  grm. 
1  Litre  of  nitrogen     „      00896  x  14  =  1-254  grm. 

(^.)  The  weight  of  a  litre  oi  any  compound  gas  is  found  bj  muHijls- 
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iDg  00896  grm.  by  half  its  molecular  teeightf  inasmuch  as  the  moleou 
weight  represents  two  volumes.     Thus — 

1  Litre  of  water  gas  (mol.  wt.  18)weighs0'0896  x  9=0'806 
1  Litre  of  carbonic  anhyd.(moL  wt.  44)  „  0'08y6x  22— 1-971 
1  Litre  of  marsh  gas  (moh  wt  16)         „  0-0896  x    8=0716  grm. 

II.  A  gramme  {15*432  graiBs)  of  hydrogen  at  0^  C  and  at  760  mm. 
pressnre  measures  11*2  litres.  Therefore  the  atomic  weights  of  tlie 
elementary  gases ,  and  half  the  molecular  weights  of  the  com  pound 
gases  represent  in  grammes  the  quantity  necessary  to  occupy  1 1  '2  li^ 

(a.)     1  grm.   of  hydrogen  measures  U/2  litres, 

16  grms,  of  oxygen      measures  11*2      ,, 

14  grms,  of  nitrogen    measures  11*2      ,, 

(/I)     9  ( -^)  grma*  of  water  gas  measures  11*2  litres, 
I  22  (^      .,     of  carWc  anhydride  measure.  11-2  litres 

^P  8  [   _]       ,y     of  marsh  gas  measures  11-2      ,, 

Eelation  between  Atomic  Weights  and  Specific  Gravity*  _ 

So  far  as  solltis  mid  liquids  are  coneernedt  no  relationship  has  as  yet 
been  traced  between  atomic  weights  and  specific  gravities,  but  in  the 
case  of  both  nimple  and  compound  gases  the  relationship  is  definite,  and 
obedient  to  fixed  rules. 

(a.)  In  (he  case  of  elementary  gases  and  vapors  we  have  said  that  ^ 
atomic  weights  of  the  elements  represent  e^^a/  volumes  oiihe  elements  fl 
the  same  temperature  and  presauro.  Thus,  if  |h  1  =  1 ;  thenl  O  1^  ■ 
and   In  1=14,      Or,  to   state    the    same    truth   in    another    w« 

I  grain  of  hydrogen,  16  grains  of  oxygen,  and  14  grains  of  nitrog^ 

occupy,  the  temperature  and  pressure  being  uniform,  44*473  cnbfl 

inches.     If,  then,  we  regard  the  specific  gravity  of  hydrogen  as  1,  ad 

employ  it  as  the  standard  of  comparison,  it  is  manifest  that  the  atofm 

weights  of  the  elementary  gases   and   vapors   are   also   their  relaim 

u^eigkis^  hydrogen  being  regarded  as  the  standard  of  comparison.       ■ 

But,  in  stating  specific  gravities,  air,  and  not  hydrogen,  constituiB 

our  standard  of  c^m  pari  son,  and  ia  regarded  as  equal  to  1 ,     Air  havia 

a  specific  gravity  of  1,  hydrogen  is  found  to  have  a  specific  grayitjfl 

0*0694  ;  that  is,  the  specific  gravity  of  air  as  compared  to  hydrogeujl 

as  1  to  0^0694.     Therefore,  to  find  the  specific  gravity  of  any  elemeJ 

ary  gas  or  vapor,  all  that  is  necessary  is  to  multiply  its  atomic  weigfl 

by  0*0694,  the  specific  gravity  of  hydrogen,  ■ 

To  find  the  specific  gravity  of  oxygen,  chlorine,  and  nitrogen :     ■ 

0*0694  X  IG     [otoinic  weight  of  o:iygen)  =  MI04,  Sp,  Gr,  of  oxygen.      I 

^k  0*0094  X  35o{  „  of  clilorinr)— 2  4(i37,        „       of  chloiine.     I 

H  0*0694X1*    (  n  of  mirogfn)=  0-9716.        ,,      of  nitiogun.     ■ 
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There  are  the  following  exceptions  to  be  noted  to  this  rule— 
(1.)  The  vapor  densities  of  phosphorus  and  arsenic  compared  to 
hydrogen  are  twice  their  atomic  weights ;  therefore  in  estimating  the 
specific  gravities  of  these  bodies  the  atomic  weights  must  be  doubled — 

31=atomic  weight  of  pho«pborufl;  00694  X  (3 IX  2)=  4-3028,  Sp.Gr.  of  plio«.Tapor. 
76=  „  of  arsenic;         00694X(76X2)=10-410         „      of  arsenic  „ 

(2.)  The  vapor  densities  of  mercury,  zmc,  and  cadmium  compared  to 
hydrogen,  are  one-half  their  atomic  weights  ;  therefore,  in  estimating 
the  specific  gravity  of  these  bodies  the  atomic  weights  must  be 
halved — 

(200  \ 
-^j^se-di  Sp.  Gr.  of  meieuzy  vapor. 

112=  „  of  cadmium ;  00694  X  (-2")==^**®^  »»       of  cadmium     „ 

(/3.)  In  the  case  of  compound  gases  and  vapors. — The  molecule  of  a 
compound  body,  it  must  be  remembered,  is  always  twice  that  of  the 
hydrogen  atom.     Therefore — 

Molecular  .weight  X  0-0694  ^  ^^^^^  ^^^^  ^  ^,^^^^  ^  gp    ^^ 

Examples: 

„^     0-0694  X  36-5  (HCT) 

HCl;  ^ ^^ ^  =  1-2666  8p.  Gr.  of  hydrochloric  acid  gas. 

„  ^    0-0694  X  18    (OHJ  «     ^       . 

HjO;  2 ^ *^=  0-6246  Sp.  Gr.  of  water  gas. 

„  ^^    0-0694  X  17  (NH.)  «     ^       . 

H,N ;  2 — ^ =  0-6899  Sp.  Gr.  of  ammonia  gas. 

0-0694  X  44    (CO,) 
CO,; 2 — ^ —     =  ^'^268  Sp.  Gr.  of  carhonic  acid  gas. 

There  are  certain  exceptions  to  this  rule  in  such  compoimds  as 
PCI5  (?) — SbCl5 — HggClg,  where  the  molecule  occupies  4  volumes  and 
not  2,  although  this  compound  of  4  volumes  resolves  itself  by  heat 
into  two  compounds  of  2  volumes  each. 

Relation  between  Atomic  Weights  and  Specific  Heats.— 

The  ^^  specific  heat*^  of  a  body  is  the  **  quantity  of  heat^^  that  a  body 
gives  out  or  takes  in,  whilst  passing  from  one  temperature  to  another. 
This  is  ordinarily  determined  by  taking  equal  weights  of  bodies  and 
estimating  the  quantity  of  heat  required  to  raise  them  to  a  given  tem- 
perature. 

(1.)  For  purposes  of  comparison  the  following  standard  is  adopted 
in  JEnghnd,  viz. : — 

*'  The  quantity  of  heat  required  to  raise  1  lb,  of  water  1°  C." 

This  1  pound  of  water  is  called  **  the  unit  of  weight ^^  and  the  1°  C. 
is  called  ^^the  unit  of  heat''  or  ^^ thermal  unit,*^  It  is  clear,  therefore, 
that  to  raise  1  lb.  of  water  from  0^  C.  to  J  00°  0.  would  require 
100  units  of  heat. 

(2.)  The  standard  of  comparison  in  France  is — 

"  The  quantify  of  heat  required  to  raise  1  kilogramm/t  ofwaXtr  1^  0.^^ 


HANDBOOK  OP  MODEBir   CfHBltlBTEY, 


A  kilogramme  being  equal  to  2-2  lbs.,  it  fallows  tliat  evezy  French 
unit  of  beat  is  equal  to  2*2  English  units  of  heat. 

Water  ia  cboeen  for  purposes  of  comparison,  because  (excepting 
hydrogen)  it  requires  more  beat  to  raise  its  temperature  than  any 
other  known  substance. 

Hence,  the  quantity  of  heat  necessary  to  raise  1  lb.  of  water  1°  C,  ii 
called  If  and  this  constitutes  our  starting-poiot. 

When  wo  say,  therefore,  that  the  specific  heat  of  iron  ia  equal  to 
0-1 138  and  that  of  hydrogen  to  :3'4090,  we  imply  that  if  it  would  take— 

1  000  unit  of  heat  to  raise  I  lb.  of  water  l^  C. ;  it  would  require 

0-1138  „  „  1  lb.  of  iron  1*^0.;  or 

3-4090  „  „  I  lb.  of  hydrogen  1°  0. 

Now  it  is  found  that  although  the  numbers  obtained  as  the  specific 
heats  of  different  bodies  are  very  dissimilar,  there  ia  a  remarkabit 
uniformity  in  the  products  of  the  specific  heats  when  multiplied  by 
the  several  atomic  weights.  This  number  is  termed  the  atomic  heat  of 
the  hody^  and  in  the  case  of  the  elementary  bodies  commonly  varies 
not  more  than  from  6  to  7, 

Spectfio  ILeats  of  Ele^textaey  Bodfes. 


Elements* 


Liihium     . .         . , 

Sodium 

Aitumimum 

PhospBoruB  \^^^^^^^ 

SulpllllT 

PoltissiuBi . . 

Iron  .. 

Nickel 

Cobalt 

Copper 

7Aiw-  ^ 

Arsenic      . .  , » 

Seleniutn   , , 

Bromine  (solid)     , , 

Piilladium  . . 

Silver 

Cadmium  ,. 

Indium 

Tin 

AntimoDy  . . 

Iodine    '  . . 

TelluTium  . . 

Gold 

Platinum  . . 


Heroury 

Thallium 

Lead 

Bifimuth 


iEoIid  . 
liquid. 


SpeciUc  Heat, 

(tljnt  of 
Water=l). 


9408 
2934 
2143 
2120 
1887 
2U26 
iefl6 
1138 
1086 
1070 
0952 
0956 
0814 
0762 
0843 
0593 
0570 
'0567 
0570 
0562 
0508 
05  U 
•0474 
0324 
0311 
0S19 
0333 
0335 
0314 
0308 


Atomic 
Weights, 


7- 

23- 
27*4 

31^ 

32- 

39* 
56' 
58-8 
68-8 

6;s-4 

6.>'2 

7y-4 

80* 
106*6 
108- 
112* 
113*4 
118- 
122* 
127' 
128- 
197- 
197-4 

200' 

204* 
207- 
210* 


Product  of 
Sp.  Heat  X 
At.  Weight. 


■21" 


It  will  thus  be  seen  that  the  82}6ci&c  beats  of  tiiege  aever&I  bodie 
multiplied  by  tbeir  atomic  weigbtB,    ^toduc^    «ca  Biimo«l  confitaut 
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Uroduct.     We  may  conclude  from  this  that  probably  all  atoma  require 
he  same  amouat  of  heat  to  raise  their  temperature  one  degree.     Thia 

result  accords  with  the  aurmises  of  Dulong  and  Petit,  who  thoughl 
^^hat  the  atoma  of  all  eleroentary  bodies  had  the  same  atomic  weight. 
^m  Thus  far  the  law  may  be  stated  as  follows :  **  The  specific  heats  of 
^M§leni€titmy  f^dies  is  inverseltf  as  their  atornic  weights, ^^ 
^H  There  are,  however,  some  apparent  exceptiotiSy  aa  will  be  seen  in  the 
^■bllowiDg  t^ble,  although  the  results  obtained  by  Professor  Weber 
^point  to  the  fact  that  these  bodies  at  high  temperatures  obey  the  law 

of  Dulong  and  Petit,  ("  Quarterly  Journal  of  Science,''  Jan.,  187G.) 


Gartfon 


fe 


Silicon 


/  charcoal 
!  graphite 
(  diamoud 


Specific  Heat 
(Watejr=:l). 

Atomio 
Weight, 

Product  of 
8p.  Heal  X 
At*  Weight 

0-2300 

X     11 

_, 

2-76 

3-29 

X       1 

=: 

3-29 

0-27 

X    u 

= 

378 

0-23 

X     16 

= 

3-68 

a-241t5 

X      12 

^ 

2  9tJ 

0-2008 

X      12 

^ 

2  41 

0  1409 

X     12 

^ 

1  76 

0U74 

X     i^ 

= 

4-97 

In  the  case  of  compounds  of  similar  atomic  composition  and  consti- 

"fntinn,  tho  specific  heats  are  also  inversely  as  their  atomic  weighta. 

Atomicity   or    QuantivaleUCe- — The    terms   qua nti valence    {quanti 

and  vaieo),  dt/namiciti/,  or  atomicity  imply^  that  although  the  symbol  of 

an  element  (such  as  0,  N,  etc.)*  rejiresenta  an  atom  of  that  element, 

J      the  atom  having  an  unchangeable  relative  weight  (for  of  the  absolute 

^Hbreighta  of  tbe  atoms  we  know  nothing  with  certainty),  neverthelees, 

^Bbat  such  symbol  does  not  express  **  the  valence  **  or  **  chemical  valitt,^* 

^Bor  *^  p^mer^  of  such  atom,  thia  power  varying  with  dilfereat  hodies. 

^^     Thus  in  ht/drochhnc  arid  (HUl),  1  of  cldorine  is  satisfied  with,  or, 

I  in  other  words,  has  the  same  value  as,  1  of  hydrogen.  Under  no  cir- 
fiiimstances  can  1  of  chlorine  combine  with  more  than  1  of  h3'drugen. 
But  in  water  (H^O)  we  find  that  I  of  oxygen  is  not  satisfied  with  less 
Ihan  2  of  hydrogen,  whilst  in  marsh  gaa  (OH^)  the  carbon  atom  is 
kot  satisfied  with  less  than  4  of  hydrogen.  Thus  it  is  evident  that  the 
power  of  carbon,  as  represented  by  the  symbol  C,  is  chemically  et^ual 
to  4  hydrogens,  or  (H^),  the  symbol  0  being  chemically  equal  to  2 
■^ydrogens  (R^),  and  the  symbol  CI  to  1  hydrogen  (II).  The  terms 
^^Ibumtivaknce,  dynmnicity,  or  atomicity  express,  therefore,  the  fact  that 
^Kn  atom  of  one  element  may  be  chemically  equal  to,  and  have  the  power 
^^:>f  fixing,  one  or  more  atoms  of  other  elements. 

Further,  wo  munt  note  that  the  term  equivalent  f^asquus^  equal,  and 

]IfO,  I  am  worth ji^i^  not  sjnonj^mous  with    atomic  weighty  for  whilst 

irogen,  oxygon,  and  carbon  have  atomic  weights  of  1,   16,  and  12 

eapeotively,  nevertheless,   1  of  carbon  is  equivalent  to  2  ot  oxj^^Ti 

nd  to  4   of  hydrogen,  whiht   I   of  oxygen   is  6(^uiva\eiit  to  1  qI 
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repreflent    graphically   cUonne   aa  a 


marsli  gas  molecule^  H- 


-(GH4)*    Thus  the  lines  are  e: 


The  value  or  atomicity  of  bodies  is  often  indicated  by  what  ara 
called  gmphie  formulae  J  the  valence  of  an  element  being  represented  hm 
lines  or  bonds,  expressive  of  whatFrankland  calls  its  atom- fixing  power. 

Thus,    CI—,    —0—,    — C— , 

I 

monad  with  one  bond,  oxygen  as  a  dyad  with  two  bonds,  and  carbon 

as  a  tetrad  with  four  bonds.  Chlorine,  we  know,  can  only  fix  one 
atom  of  hydrogen  to  form  a  molecule  of  HCi  (thus  CI — II=HC1), 
whilst  oxygen  can  fix  two  hydrogen  atoms  to  form  a  water  molecule 
(H^O — H=OHo),  and  carbon  can  fix  four  hydrogen  atoms  to  form  a 
H 

A 

Bive  of  the  atomicity  of  a  body,  and  are  to  be  regarded  as  pict 
I  representing  the  number  of  bonds,  and  how  they  ai"e  severally  utilized^ 
f  No  element  can  exist  with  its  bonds  unconnected  or  dissatisfied-  It 
is  clear,  therefore^  that  the  molecule  of  every  element  possessing  an 
uneven  number  of  bonds  (/.  e,,  being  a  perissad)  must  consist  of  two 
or  more  atoms  united.  You  cannot  have  hydrogen  in  a  free  state 
thus  — H ;  but  you  can  have  it  thus,  H^H,  Hence  we  regard  H, 
as  the  hydrogen  molecule,  and  not  H.  In  the  case  of  an  artiadf  i'.«f.,  an 
element  possessing  an  even  number  of  bonds^  the  molecule  may  consist 
of  one  atom  {monatomu)^  inasmuch  as  the  bonds,  by  combining  amongst 
themselves,  may  satisfy  each  other,  and  so  become  latent.  Thus,  a 
molecule  of  oxygen  may  be  represented  as  — 0 — ;  whilst»  on 

other  hand,  it  must  be  remembered  that  the  oxygen  molecule  may  ala 
be  diatonuc,  represented   thus,    0—0,   or  tnatonuo  (aa  in  the 

O 
of  ozone),  represented  thus    /\     (poli/af&mc), 

G!f/ptic  fonnufm  are  merely  material  illustrations  of  graphic  formt] 
where  atoms  are  represented  by  balls,  and  lines  by  wires. 

Method     of     Determinlko     the     Quantivai^ekce     or    Atomic 

OF   A   Body, 

Agreeing  to  understand  by  the  quantivalence  of  a  body,  the  numbfi 
of  univalent  atoms  with   which  the  symbol  representiiig  its  atoE 
weight  can  unite,  we  determine  this  quantivalence  in  such  ways  ( 
the  following : — 

(L)  By  ihe  number  of  hf^drogtn  atoms  with  which  a  body  can  combine 
form  a  molecule. 

Example.     1  of  hydrogen  combines  with  1  of  chlorine.     Therefoi 
the  valence  of  chloiiue  =  the  valence  of  hydrogen, 

(2.)  If  an  element  will  not  combine  with  hydrogen  ^  but  uill  combine  mti 
cMorine,  irs  valtnce  may  then  be  dctermintfl  hj  tht  number  of  chlorine  ato 
u'//A  which  it  will  combine  to  form  a  molecule. 
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Example.  1  atom  of  silver  (Ag)  combines  with  1  atom  of  chlorine, 
and  in  that  proportion  only.  But  silver  will  not  combine  with  hydro- 
gen ;  inasmuch,  however,  as  1  of  chlorine  combines  with  1  of  hydrogen, 
and  1  of  chlorine  also  combines  with  1  of  silver,  if  ever  silver  could 
be  made  to  combine  with  hydrogen,  we  infer  it  would  do  so  in  the 
proportion  of  1  atom  of  hydrogen  to  1  atom  of  silver.  We  may  ex- 
press these  facts  thus — 

(I.)  The  valence  of  silver = the  valence  of  chlorine ; 
(2.)  The  valence  of  chlorine=the  valence  of  hydrogen; 
Therefore  (3.)  The  valence  of  silver=the  valence  of  hydrogen. 

It  will  thus  be  seen  that  hydrogen,  chlorine,  and  silver  are  equi- 
valent. 

(3.)  By  the  proportion  of  hydrogen  which  a  body  can  replace  in  a  saline 
molecule. 

Examples,  (a.)  A  water  molecule  is  made  up  of  2  atoms  of  hydrogen 
and  1  of  oxygen.  One  or  both  of  the  hydrogen  atoms  may  be  replaced 
by  an  alkaline  metal,  such  as  potassium.     Thus — 

gj  0  =  H20;  ^}0  =  KH0;    |jo=K,0 

It  is  clear,  therefore,  that  the  value  or  valence  of  potassium  is 
identical  with  the  value  of  hydrogen. 

(Jb.)  Again  :  calcium,  zinc,  or  barium  may  also  be  made  to  take  the 
place  of  hydrogen,  but  under  such  circumstances  it  will  be  found  that 
1  atom  of  these  elements  is  equivalent  to  2  atoms  of  hydrogen.   Thus — 

g  I  0  =  HgO  ;   Ca^O  (not  Ca20) ;  Zn^O  (not  Znfi). 

Hence,  the  valence  of  calcium  or  of  zinc  is  double  that  of  hydrogen, 
inasmuch  as  1  of  zinc  or  1  of  calcium  can  replace  2  of  hydrogen  in  a 
molecule. 

Looking,  therefore,  at  these  facts,  it  is  dear  that  the  elements  have 
very  different  values  in  their  capacities  for  substitution  displacement. 
Agreeing  to  regard  hydrogen  as  our  standard  of  equivalence,  it  is 
evident  that  the  elements  are  susceptible  of  arrangement  into  groups. 

Group  I. 
Certain  elements  are  univalent ;  that  is,  1  atom  in  chemical  exchange 
is  equal  in  value  to  1  atom  of  hydrogen  or  other  univalent  element. 
Such  bodies  are  called  monad  elements. 

Group  H. 
Certain  elements  are  divalent ;  that  is,  1  atom  in  chemical  exchange 
is  equal  to,  and  may  replace,  either  (a)  2  atoms  of  hydrogen,  or  2 
atoms  of  any  other  monad ;  or  (6)  1  atom  of  any  other  drraleiit  ^W 
ment.    Such  bodies  are  called  dyad  eietnents. 
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Group  ni. 
Certain'  elements  are  trivalent ;  tliat  is,  I  atom  in  cliGmical  exchaSg 
is  equal  to  (a)  3  atoms  of  Iiydrogen  or  other  monad  element ;  or  to  (AJ 
1  atom  of  a  divalent  element  4-  1  atom  of  a  monad  element.     8uq 
bodies  are  called  triad  ehmenU* 

Group  IV. 
Certain  elements   arc    quadriuaient ;   that  is,   1    atom   in  ehemio 
exobange  ia  equal  to  (a)  4  atoms  of  hydrogen  or  other  monad  element; 
or  to  (b)  2  atoms  of  oxygen  or  other  dyad  element ;  or  to  (c)  1  atom 
a  dyad +  2  atoms  of  a  monad  element;  or  to  (d)  1  atom  of  a  trin 
-f  1  atom  of  a  monad  element. 

Groups  V.  and  YI» 

Certain  elements  are  quinquivalent  and  hexivahni ;  that  ia,  1  atom 
cLemical  exchange  ia  equal  to  5  and  to  *5  atoms  of  hydrogen  or  thei 
reapective  eqnivalenta. 

W©  have  borrowed  from  Dr.  Frankland's  Lecture  Notea  the  fol- 
lowing diagram,  representing  at  a  glance  the  atomicity  of  the  elements. 
The  metalloids  ore  printed  in  tliick  type,  and  the  motala  in  ordini 
Eoman  type. 
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Hydrogen^ 
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Oxygen, 

L 
Boron. 
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Carbon. 
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L 
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Phosphoma. 

Vmicidium. 
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IL 
Plnorine 

IL 

Barium. 
iStfontium. 
Culciura . 
MugnefiiuiD. 
Zinc. 

IL 
Gold, 
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Bromine. 
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IL 
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IIL 
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Rubidium. 

ilL 
Didymiuui. 
Lanthcirium. 
Yttrium. 
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Sodium. 

IIL 
Platinum. 
Pallndium. 

Lithiiim. 

IV. 
Cliromium* 
MangonoeOij 
Iron.            ■ 
Cobdlt,        I 
Nickel         1 
Uranium.    1 
Cerium.      1 

IV, 

saver. 

IV. 

Cadmium. 

Merrury. 

Cupper. 

IV. 

LmcL 

Altbongh  we  thua  arrange  elements  in  their  aeveral  classes  according 
to  their  value  as  beat  we  know  them,  it  miiet  not  be  supposed  that 
we  are  in  a  position  to  £x  their  several  posittona  definitely.  In  some 
cu&ea  the  imUfwe  of  an  element  variis :  C«r(Mwi,  for  example,  in  marah 
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gea  is  a  tetrad  (C*''H4).  So  also  it  is  a  tetravalent  in  carbonio  anhy- 
dride (C'^Og),  -whilst  in  carbonic  oxide  (C^O)  it  plays  the  part 
of  a  dyad.  Nitrogen,  again,  may  act  as  a  monad,  as  in  N^O,  or 
as  a  triad,  as  in  NH3,  or  as  a  pentad,  as  in  NH4OI.  Admitting 
that  these  variations  are  difficult  of  explanation  and  somewhat  inter- 
fere Vith  general  conclusions,  we  may  note,  as  Dr.  Frankland  re- 
marks, that  the  variation  always  takes  place  by  the  disappearance 
or  development  of  an  even  number  of  bonds.     Thus  nitrogen  may 

I  \\/ 

be  a  monad  ( — N),  a  triad  ( — N — ),  or  a  pentad  (  N  ) ;  it  is  never  a 
dyad,   or  a  tetrad.     Carbon  may  be   a  dyad  ( — 0 — ),  or  a  tetrad 


(-c^), 


but  it  is  never  a  monad  or  a  triad.     In  short,  a  perissad  is 


never  an  artiad,  or  an  artiad  a  perissad.     Dr.  Frankland  explains 
these  variations  by  supposing  that  some  of  the  bonds  may  unite  and 

become  latent.  Thus  nitrogen  with  its  five  bonds  (    In     )  becomes  a 


(Ni^ 


triad  by  the    union    of   two;    thus  (    N     ).      In  this    way    Dr. 

Frankland  distinguishes  between  latent  atomicity,  or  the  number  of 
conjoined  bonds;  active  atomicity,  or  the  total  number  of  bonds  in 
actual  combination  with  other  elements  ;  and  absolute  atomicity,  the  sum 
of  the  latent  and  the  active  atomicities.  Whenever  an  element  is 
fully  saturated,  that  is,  has  received  its  full  value  of  other  elements, 
the  body  so  formed  is  more  stable  than  when  its  valence  is  not 
fully  satisfied.  Thus  CO^  is  a  more  stable  body  than  CO.  Hence 
the  true  valence  of  an  element  is  always  indicated  by  the  largest 
number  of  hydrogen  or  other  monad  elements  with  which  it  can 
combine.  The  valence,  moreover,  must  not  be  determined  from  oxides 
or  from  sulphides,  because  each  dyad,  made  up  as  it  is  of  two  units  of 
equivalency,  neutralizes  one  unit  in  the  compound  it  enters,  and 
introduces  a  second  unit,  leaving  the  equivalence  as  it  was  before. 

For  convenience  these  several  groups  are  divided  under  the  two 
heads  of  Odds  and  Evens, 

I  Monads. 

(1.)  Odds  or  Perissads  {Trtpiaaoc^  odd)  <   Triads. 

(^  Pentads. 
C  Dyads. 

(2.)  Evens  or  Artiads  {&pTioQ,  even)  <   Tetrads. 

(^  Hexads. 

The  quantivalence   of  bodies  is  usually  denoted  by  placing  dashes 
or  Boman  figures  to  the  right  of  the  symbol.     Thus  H'  with  one 
dash  means  that  hydrogen  is  a  monad ;  0^  with  two  daA^Q^  >uii^^ 
oxygen  iaa  'dyad;  whilst  C*^  ebowB  carbon  to  be  a  tetrad,  and  fw>  loiSia- 
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Chemical  PonniilsB, 

The  object  of  ohemical  fonmilpo  is  to  express  the  composition  SnU 
the  probable  constitution  of  a  chemical  Bubstance,  Formula?  are 
of  two  kinds — 

(1.)  Expermental  or  empirical. 

(2.)  Theoretical  or  rationaL 

I.    EXPEEIHENTAL   OR  EmTIRICAL  FoBMUI*^. 

An  empirical  formula  represents  merely  by  the  smalleat  intege; 
the  number  of  atomic  proportions  of  the  several  elements  present 
in  a  body.  It  is  the  expression  of  the  actual  experimental  results 
of  analysis.  An  empirical  formula  in  no  way  represents  the  groupings 
of  the  elements.  We  give  an  illustration  in  detail  of  the  determina- 
tion of  the  empirical  formula  of  niagneaic  sulphate, 

(L)  Determine  ptrcenta/je  composition.  On  analysis,  wo  should  find 
in  every  100  parts  of  magnesio  sulphate — 

Magnesic  oxide  (magnesia)  ,  .  16*26 
Sulphuric  anhydride .  •  .  •  .  32-52 
Water 5 1^22  =  1 00-00 

(2*)  Divide  these  numbers  {i.e.,  the  percentage  numbers)  severalJt^  htf 
their  atomic  weights.  Thus,  40,  80,  and  18  represent  respectively 
the  atomic  weights  of  magnesia,  eulphui'ic  anhydride,  and  water; 
therefore^ 


J 


16-26 


=•4065 ; 


32-52 


^•4065 ; 


6 1 '22 


IS 


=2-845. 


40        '       80 

(3.)  Eedtice  the   quotietita  thus   obtained  to   their  simplm  expre 
Thua^ 

Mftgneaia.       Sulphuric  anhydride.  Water. 

The  ratio  of  the  numbers    0-4065  0  4065  2*845 

corresponds  to  1  I  7 

From  wliich  it  is  clear  that  the  relative  atomic  proportion  of  magnesia 
(MgO)  to  eulphuric  anhydride  (SO  3)  is  as  1  to  1,  and  of  these  to  water  | 
(HeO)  as  1  to  7,    Thus,  MgO  +  SOj  +  HjP^  or  MgSOuHi^  representa  ] 
the    experimental    or    empirical    formula    for    magnesic    sulphate. 
Hence  the  rules  to  determine  the  empirical  formula  of  a  body  may  bo 
thus  summarized— 

(1.)  Determine  by  analysis  its  percentage  composition. 

(2.)  Divide  the  numbers  so  obtained  by  their  atomic  weights. 

(3.)  Beduce  the  quotients  to  their  simplest  expression, 

II.  Rational  oh  Theoretical  Foemul^* 

Such  formuloD  represent  not  only  the  elements  present  and  their 

atomic  proportions,  but  the  manner  (according  to  every  man's  views 

or  fancies)  in   which  these  elements  are  grouped,     ThuSj  magnesic 

sulphate  may  be  written  llgO,  SO3,  lU^Q^  0TUgS0^,B.ci0,6H^0,  and 
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in  many  other  ways ;  and  it  may  be  judged  if  different  opinions  exist 
as  to  the  exact  method  of  expressing  the  theoretical  formula  of  so 
simple  a  body  as  magnesic  sulphate,  what  a  play  there  is  for  imagina- 
tion in  the  expression  of  the  formulae  of  complex  organic  bodies.  For 
example,  there  are  nineteen  different  ways  of  representing  acetic  acid 
(C2H4O2).  Such  formulas  are  as  yet  merely  theoretical  formulas,  and 
although  in  many  cases  true,  and  in  many  other  cases  the  approach 
to  truth,  must  be  received  with  caution. 

Of  late  what  are  called  constitutional  formula!,  as  suggested  by 
Dr.  Frankland,  have  found  favor  with  chemists,  and,  inasmuch  as  we 
have  in  part  adopted  their  use,  it  is  necessary  to  explain  them  in  detail. 

A  constitutional  formula  is  designed  to  give  us  some  idea  of  the 
arrangement  of  atoms  in  a  molecule.  In  a  constitutional  formula  the 
symbol  of  the  principal  element  is  placed  first,  thereby  denoting  that 
the  several  elements,  or  compound  radicals  following  it  on  the  same 
line,  are  held  to  it,  as  the  principal  element  of  the  molecule,  by  what 
Frankland  terms  bonds.  We  may  thus  regard  the  molecule  as  a 
family,  and  the  principal  element,  as  the  parent  or  head  of  the  family. 
Further,  to  distinguish  constitutional  formulae  irom  molecular  or 
empirical  formulae,  the  head  of  the  family,  or  the  principal  bondholder 
or  bondholders  are  printed  in  thick  type.  A  few  illustrations  will 
render  this  clear : — 

OHs  is  the  constitutional  formula  for  water,  and  implies  that  the 
dyad  atom  oxygen  is  the  parent  bondholder,  or  grouping  element, 
of  the  water  molecule,  and  is  combined  by  bonds  to  each  hydrogen 
atom.     Graphically  it  may  be  symbolized  thus,  H — 0 — H. 

SOgHog  is  the  constitutional  formtda  for  sulphuric  acid.  Here 
sulphur  is  the  parent  bondholder,  having  six  bonds  (hexad),  four  of 
which  are  united  with  the  four  bonds  from  the  two  oxygen  atoms 
(oxygen  being  a  dyad),  and  two  with  the  bonds  of  the  two  half 
molecules  of  hydroxyl  (Ho). 

0 

II 
(Jraphically  it  may  be  symbolized  thus,      H — 0 — S— 0 — H 

II 
0 

It  will  thus  be  seen  that  constitutional  formulae  are  merely  methods 
of  representing  glyptic  and  graphic  formulae  symbolically. 

In  expressing  many  constitutional  formulae  a  bracket  is  used. 
Thus,  potassio  chlorate  (KCIO3)  is  represented  either — 

(a.)   as    I  YkTc      which  means  that  one  bond  from  each  oxygen 

atom  (oxygen  being  a  dyad)  is  joined  to  1  of  chlorine  and  to  1  of 
potassoxyl  (Ko)  respectively,  whilst  the  two  atoms  of  oxygen  are 
united  together  by  1  bond  from  each. 

(Graphically  the  con-  (  OCl  )  may  be  expressed  \    . 
Btitati£>j2A2  formula  (  OKo  j  thus  I  A     tt    . 
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0— CI 

(OCl  1 

(/3. )   as  ■:  0         or  grapbically  aa   0 


"whicli  implii 


that  one  of  tho  bonds  of  the  first  oxjgen  atom  ia  corabined  with  tho 
monad  chlorine,  and  the  other  with  one  bond  from  a  second  oxygen  i 
atom,  the  other  bond  of  which  la  combined  with  a  thii'd  oxygen  atom,  i 
this  last  having  its  second  bond  united  with  the  potassium  atonn.  ] 
Thereby  all  bonds  are  satisfied. 

Substitution  {Substitutns,  put  in  another's  place). 
(A.) — Inorgania — Haying  regard  to  the  molecular  constitution  of 
matter,  we  find  that,  in  mineral  chemistry,  the  several  constituenta 
of  a  molecule  may  be  replaced  (i>.  eubstitutod)  by  their  equivalent  of 
other  bodies,  without  changing  the  typical  constitution  of  the  original 
moleciile.     T  bus — 


HI 
(1.)  2  y  represents  a  molecule  of  hydrogen. 


(a,)  One  hydrogen  atom  (monad)  of  this  hjdrogm  molecule  may  1>e 
replaced  by  a  haloid  atom  (monad)  to  form  the  bydraeida ;  thus — 

HH  ;     HCl;     HBr ;     HI;     HR 

(/3.)  One  hydrogen  atom  may  also  be  replaced  by  an  alkaline  meti 
to  form  a  hydride. 

(2.)  TT  >  0  (==noO)  represents  a  molecule  of  wattr^ 

(a.)  One  or  both  hydrogen  atoms  of  this  water  molecule  may 
replaced  by  an  alkaline  metal ;  thus — 


lUfibt  I 


Hvdnites 


Oxidee 


?!» 


K 

H 


0 


Na 
H 


0 


^Mo 

Na  (  '^^ 


(j3.)  Two  hydrogen  atoms  may  be  replaced  by  one  of  a  dyad  ele- 
ment j  thus — 

^lO;     Za"0;     Ca^O  ;     BaU 

(y.)  The  dyad  oxygen  may  be  replaced  by  the  dyads  sulphur,  sele-^ 
nium,  or  tellurium  j  thus^ 


Te. 


h|^'        HP'        hP^'      h} 
H) 
(3.)  H  VN  (=NH3)  represents  a  molecule  of  ammonia, 
Hj 

(a.)  The  three  hydrogen  atx^ms  of  this  ammonia  molecule  maybe 
replaced  by  three  chlorine,  bromine,  or  iodine  atoms ; 


NH,:     NCI,:     NBr. 


3  I 


NIs 
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(Ji.)  A  part  only  of  the  hydrogen  may  be  replaced  by  a  metal,  or 
by  a  compound  radical ;  thus — 

NH3  ;   NHgK  (Potassamide) ;  (SOjCNHOj)  (Sulphamide). 

(y.)  The  nitrogen  may  be  wholly  or  partially  replaced  by  phospho- 
rusy  arsenic,  antimony,  and  perhaps  by  bismuth. 

TT   f 

(4.)  2  /C  (=CH4)  represents  a  molecule  of  marsh  gas, 

h) 

Here  substitutions  are  endless,  as  we  shall  note  more  particularly 
under  organic  chemistry. 

(5.)  In  the  formation  of  salts,  the  hydrogen  of  an  acid  is  replaced 
by  one  or  more  atoms  of  a  metal  or  compound  positive  radical ;  thus — 

(a.)  Sulphuric  acid  contains  two  displaceable  atoms  of  hydrogen 

1  bydrogen  may  he  displaced  by  1  of  potassium  (monad)  fonning  HKSO4  {acid  salt,) 

2  hydrogens  „  „         2  of        „  (      »»     )      t*        K^SO^  {normal  salt.) 
2  hydrogens          „            „         1  of  calcium     ( dyad  )       „        CaS04 

(/3.)  Fhasphortc  acid  contains  three  displaceable  atoms  of  hydrogen 
(H3PO,). 

3  hydrogens  may  be  displaced  by  3  of  silver  (monad)  Ag3p04 
2  „  „  2  of  sodium  (    „    )  HNa-^PO^ 

1  „  „  1  of      „      (    „    )  NaH.PO, 

Similarly,  1  triad  will  take  the  place  of  3  monads,  or  1  dyad  of 
2  monads. 

(B.)  Organic- — The  substitution  of  compound  radicals  for  elements, 
forms  a  remarkable  feature  in  organic  chemistry.  Liebig  defined 
organic  chemistry  as  **the  chemistry  of  compound  radicals  J^ 

(I.)  One  of  the  hydrogen  atoms  of  a  hydrogen  molecule  (HH)  may 
be  replaced  by  such  compound  radicals  as  Methyl  (CH3),  Ethyl  (CjH^), 
Propyl  (C3H7),  etc.,  whereby  a  hydride  of  the  organic  radical  is 
formed.     Thus— 
{(m^U=z Methyl-hydride;  (C fi ^11  =  Ethyl-hydride ;  (Qfi^)R::^Fropyl-hydride, 
Further,  the  hydrogen  of  these  compounds  may  be  replaced  by 
chlorine  or  cyanogen.     Thus — 
(C1I^Q\  =  Methyl-chloride  ;  (C.fli)C\  =  Ethyl.chloride  ;  {Qfl^)Q\=^ Propyl  chloride, 
(CHJCy=  Methyl-cyanide;  (Q^YL^Cy^=^ Ethyl-cyanide ;  (C3H,)Cy=  Fropyl-cyanide, 
(2.)  In  the  alcohols  and  ethers,  we  find  bodies  constructed  on  the 
water  (HgO)  type. 

(a.)  One  hydrogen  of  a  water  molecule  may  be  replaced  by  a  com- 
pound radical  to  form  an  alcohol ;  thus — 

^^3  I  0  =  Methyl  alcohol ;    ^«^«  I  0  =  Ethyl  alcohol. 

(/3.)  Both  atoms  of  hydrogen  may  be  replaced  by  two  of  the  com- 
pound radical  to  form  an  ether ;  thus — 

CH*  I  0  =  Methyl  ether  ;      q^^*  |  0  =  Ethyl  ctfter. 
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(y.)  Or  the  oxygen  may  be  replaced  by  sulpliur,  and  perhaps  by^ 
selenium  J  thus — 

^2^5  •  8  =  Ethylic  aulpbjdrate  ;    9:^^  ]  S  ^  EthyHc  eulpbide, 
^  J  (Mercaptan,)  ^2*^^  I  (Sulphor  elher.) 

(^)  Or  the  oxygen  may  he  replaced  by  silicon,  or  by  a  meti 

whereby  the  metallic  ethyls,  etc.,  are  produced  ;  thus — 

oh'  f  ^^  ~  Zincic  methide,      ri'g^  f  BCg  =  Mercuric  ethide. 

(3.)  Bodies  constructed  on  the  aminoaia  (NHj)  typo  are  found 
the  amides  and  in  the  alcoholic  ammonias. 

(a.)  One  or  more  atoms  of  hydrogen  may  be  replaced  by  one  of 
moro  compound  radicals,  such  as  ethyl  (C^H^) ;  thus — 


H 
H 


C^S^fl 


N  ^  Ethylamine  j        CM^ 


u 


CM 

c;h 


»1 


H.I 

Tri  ethylamine. 


Diethyl  amine  I 


(ft.)  One  or  more  atoms  of  hydrogen  may  be  replaced  by  an  oxy- 
dized  radicalj  as  in  the  "  amides,"  or  else  by  different  radicals;  thus— 

C.HaO  j 

CgH^O  /  N  ^  Dmeet-amide ; 
(called  n  secondary 


C8H.,0  j 

H  >N  ^  Acetamide 


(called  a  primary 


aiuiile.) 


H 


C«H,0 

C,Hs 


amide,} 


N  =  Ethylic  Diacetamide. 


Sb  =  Triethyl-stibine 


(y*)  The  nitrogen  may  bo  replaced  by  arsenic,  antimony,  bismuth, 
etc.  J  as  foUows:— 

CH3  >  As  =  Trimethylareine ;         CjH^ 
OH,  C,H, 

CH,) 

H  V  P  =  Methyl-phosphine, 

(4.)  In  the  case  of  the  marsh  gas  (CH4)  molecule^  the  substitution^ 
are  without  number,  the  hydrogens  being  replaced  iu  almost  endless 
variety. 

Isomerism  (itrot  e<jual,  filpoc  a  part). 

Isomerism  is  a  term  applied  to  bodies  containing  the  eame  ele 
ments^  united  in  the  same  proportions,  but  differing  more  or  lea 
widely  in  their  physical,  physiological,  and  chemical  properties. 

Isomer! des  are  of  two  classes : — 

(L)  Where  the  percentage  composition  is  similar,  but  the  moUcnl 
composition  dissimilar  (polymers)  j 

(2*)  Where  both  the  percentage  and  the  molecular  compositions 
are  alike  (metamers). 
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I.  Isomerides  having  nmUar  percentage  hut  different  moleadar  composition ; 
in  other  worde^  having  different  vapour  detmties  (Polymerism).  Examples 
of  such  isomerides  (polymers)  are  seen  in  the  following  cases :  — 

(a.)    Cyanogen  (CN  or  Cy),    a  poisonous    gas,    and  Paracyanogen 
(OK°  or  Cy*»),  an  inert  solid,  alike  contain  in  every  100  parts — 
Carbon  4615;  Nitrogen  53-85. 

(/3.)  Th$  chlorides  of  Cyanogen^  viz : — 

CyOl     =  gaseous  chloride  of  cyanogen, 
Cy^Cl,  =  liquid  „  „ 

CyjClj  =  solid  „  „ 

have  a  similar  percentage  composition,  viz. : — 

Carbon,  1951;  Nitrogen,  22-77;  Chlorine,  57-72. 

Further  illustrations  of  polymerism  may  be  found  in  the  cyanogen 
oxyacids  (viz.,  cyanic,  fulminuric,  and  cyanuric  acids,  and  cyamelide) ; 
also  in  the  various  hydrocarbon  series,  and  in  numerous  other  cases. 

n.  Isomerides  having  an  identical  percentage  and  molecular  composition 
(Metamerism).  These  bodies,  consequently,  have  similar  vapour 
densities.  Examples  of  such  isomerides  (metamers)  are  seen  in  the 
following  cases : — 

(a.)  Urea  [(2NHg)C0]  and  ammonic  cyanaie  [CN(NH40)],  both  of 
which  are  represented  by  the  formula  CH4N2O,  contain  in  every  100 
parts — 

Carbon  2000 

Hydrogen     6*67 

Nitrogen        46-66 

Oxygen  26-67=100-00 

(/3.)  The  **  turpenes'^  (which  include  oils  of  turpentine,  lemons,  ber- 
gamot,  neroli,  lavender,  pepper,  camomile,  carraway,  cloves,  etc.), 
have  all  a  similar  composition  (CjoHig). 

(y.)  Tartaric  acid  (which  turns  the  plane  of  polarized  light  to  the 
right,  and  is  hence  called  dextro-tartaric  acid) ;  racemic  acid  (which  has 
no  action  on  a  ray  of  polarized  light) ;  paratartaric  acid  (which  turns 
the  ray  to  the  left,  and  is  hence  known  as  levo-tartaric  acid),  have  a 
similar  percentage  and  molecular  composition  (C4H6O6). 

(5.)  Morphia  (the  active  principle  of  opium)  and  piperine  (the  active 
principle  of  pepper),  are  both  represented  by  the  formula  C17H1QNO3. 

We  may  note  that  these  isomerides  are  divisible  into  two  classes  : — 

1.  Bodies  differing  in  physical  properties,  but  behaving  alike  under  the 
action  of  chemical  reagents.  Such,  for  example,  are  the  turpenes,  a 
series  of  true  isomerides  ;  and 

2.  Bodies  differing  in  physical  properties^  and  also  behaving  differently 
under  the  action  of  chemical  reagents.  In  such  bodies  we  note  the  pre- 
sence of  different  radicals.  For  example,  propionic  acid,  methyl 
acetate,  and  ethyl  formate  are  isomeric  (CjHgOj),  but  their  behavioux 
respectiToly  with  potassic  hjdr&te  ia  vastly  different.    Thus^* 
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1  FroTiionic  nci<]  witb  potnaaic  hydrate  yields  potftBsic  propionat©. 

2  MelUyl  luetftte  ^^  „        potaaHtc  ALeUte  oiid  mi^tliyl  alroliol. 
$  lith}!  furmiite                ,,                         ,,        potimfiic  formate  and  etbyl  alcohol. 

IsomorpMsni  (^^oc  equal,  asd  pop(f>*)  a  fonn). 
Acids  may  frequently  be  eubstituted  for  acids,  and  ba»©a  for  base^l 
in  a  body,  without  the  body  undergoiDg  any  alteration  of  form.  Thus, 
in  common  potash-Rlum  (KyAl24SO^/24H£0),  the  K^  may  be  replaced 
by  Naj,  or  by  (NH^)^,  and  the  Al^  by  Fe^,  Moj,  or  Crj,  etc,  without 
any  change  of  form  resulting.  Bodies  that  crystallize  in  the  same  fonjji,     i 
and  whiih  are  similar  in  chemical  constitution,  are  termed  leomorpfiou^U 
It  haa  been  suggested  (Blake,  B.  Assoc,  184G)  that  there  is  a  rela-^i 
tionship  between  the  physiological  action  of  bodies  and  their  isomor- 
phic  condition*     Thus,  arsenic  acid  can  replaco  phosphoric  acid  in  the 
human  body,   the  latter  acid  being  a  normal  constituent.     Hence, 
arsenic  acid  is  not  a  poison ;  whilst  arsenious  acid,  having  no  homo- 
logue  in  the  human  bodji  acts  as  a  poison. 

Allotropism  (<5XXcpc  another,  and  rpom)  twist  or  turn). 
The  capiiliilily  of  cmnpound   bodies,  having  tho  same   percentage 
and  molecular  composition^  of  existing  in  more  than  one  shape,  to 
which  we  have  alluded  under  the  term  isomerism,  finds  its  parallel 
amongst  the  eleimntar^  bodies.     Some  elements  assume  various  and 
well   marked   mt>dili(.ations.     Berzelius  has   termed  this  aliotroptsm, 
which  bears  the  same  relationship  to  the  eicment  (i»  isomtirisjn  does  tQ 
the  compottTid,     The  existence  of  carbon  as  charcoal,  graphite,  and 
diamond;  the  varieties  of  phosphorus;  sulphur  in  its  various  modific 
tions,  or  oxijgtn,  as  common  oxygen  and  as  ozone,  are  illustrations  < 
allotropism. 

The  Metric  System  (Unit  of  Length), 

The  mHre  {iintt  of  kngth)  is  a  bar  of  platinum  deposited  in 
archivc-s  of  Paris  meafturing  39'*37  English  inches.     It  is  adopted  aal 
measure  of  length,  surface,  weight,  and  capacity. 

I.  As  A  Measuks  of  Lenoth. 
Its  mnhipks  are  marked  by  Gretk  prefixes,  and  ita  mhdivisivns 
Lntin  prefixes. 


Millipikre 
r«ntiiii5tre 
DtnimL'tre 
"Metre     ,. 

Hcrtoiufetre 

Tvilom^tro 

Myriometra 


In  EiijEjlisli 


0-03037 

0-39370 

3-93708 

30^3T07» 

393-70790 

3037-P7DC0 

3037079000 

39^70790000 


In  English 
Feet, 


0-003281 

0'03280D 

0328009 

3*280890 

32808992 

328089920 

3280  8119200 

32808-992000 


In  Knglbh 
Yard*, 


0-0010936 
00109363 

0  1093633 

1  0930331 
10-9363310 

109-3633100 

1093  6331000 

10936-3310000 


In  Engl] 


0-000 
000 

o*ooooei 

0  000621 
0006211 

0-06213 
0-621  a 
6-21383 


1  inch  ^  2*539054  rcnIimotrM. 
I  foot  =^-047^149  decimetre!. 


I  yard  =  0-9 U  3836  mdfPM. 
I  mile  =  1-G083H9  kHom^trei. 
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11.   As  A 

Measure  of  Subfacb. 

In  English 
square  feet. 

In  English 
square  yards. 

In  English 

acres  == 

43560  sq. 

feet. 

1  square  m^tre    fCentiare) 

100  square  metres  (Are)     .. 

10,000  square  metres  (Hectare) 

10-764299 

1076-429934 

107642-993418 

M96033 

119-604326 

11960-432602 

0-0002471 
0-0247114 
2-4711431 

I  square  inch  =  6*4513669  square  centimetres. 
1  squ^tre  yard  =s  0-83609715  square  m^tre. 
1  square  foot  =  9-2899683  square  decioidtres. 
1  acre  =  0*40467102  hectare. 


III.  As  A  Measure  of  Capacity. 

A  cubic  decimetre  (that  is,  a  cube  each  side  of  wbicb  measures 
8-937  inches)  holds  a  litre  of  water  at  4°  C.  (t.^.,  the  temperature  at 
which  water  is  at  its  maximum  density).  This  litre  weighs  1  kilo* 
gramme,  or  1,000  grammes.  A  cubic  centimetre,  therefore,  holds  a 
gramme  of  water  at  4°  C. 


In  cubic 

In  pints = 

In  gallons 

In  bushels 

In  cubic 

feet  = 

34-65923 

=8  pints 

=  8  gallons 

inches. 

1728  cubic 

cubic 

=277-27384 

=2218-19078 

inches. 

inches. 

cubic  inches. 

cubic  inches. 

Millilitre  or  a  cu- 

bic centimetre.. 

006103 

0*000035 

0-00176 

0-0002201 

00000276 

Centilitre    or     10 

cubic  centimetres 

0-61027 

0000353 

001760 

00022009 

00002751 

Decilitre    or    100 

cubic  centimetres 

610271 

0-003532 

0-17607 

0-0220096 

0-0027512 

Litre  or  cubic  deci- 

metre       . .      . . 

6102705 

0-035317 

1-76077 

0-2200966 

00276120 

Decalitre     (centi- 

siere  or  10  litres 

610-27052 

0-363166 

17-60773 

2-2009667 

0-2761208 

Hectolitre    (Deci- 

Btere  or  100  litres 

6102-70615 

3-631668 

176-07734 

22-0096676 

2-7512084 

Kilolitre  or  cubic 

metre        . .      . . 

6102705152 

36316681 

1760-77341 

220-0966767 

27-6120846 

Mvriolitre  (Ddca- 

stere 

610270'51619 

363165807 

17607-73414 

2200  9667676 

275-1208469 

1  cubic  inch  ^  16*386176  cubic  centimetres. 
1  cubic  foot  ^  28-315312  cubic  decimetres. 
1  gallon        =    4-643358  litres. 


IV.  As  A  Measuke  of  Weight. 
A  cubic  centimetre  (that  is,  a  vessel,  each  side  of  which  measures 
0-3987  inches)  holds  a  quantity  of  water  which  at  4°  0.  (ttie  mwLv 
mum  denBity  of  water)  weighs  1  gramme  (15*432  graixiB). 


62 


HAimBOOK  OF  MODERN  0HS1II8TKT. 


MSASTTBES   OF  WEIGHTS. 


In  ounces 

In  pounds 

In  cwts.^ 

In  tonsis 

Ingrains. 

Troy  = 

avoirdupois 

112  lb8.= 

20  cwt8.= 

480  grains. 

=7000  grs. 

784000  grs. 

Milligramme       •  • 

0-01643 

0-000032 

00000022 

00000000 

0000000001 

Centigramme 

016432 

0-000321 

0-0000220 

0-0000002 

000000001 

Decigramme 

1-64323 

0-003216 

0-0002204 

0-0000019 

0-0000001 

Gramme       . .     . . 

16*43234 

0032160 

0-0022046 

0-0000196 

0-000001 

Decagramme 

164-32349 

0-321607 

0-0220462 

0-0001968 

00000098 

Hectogramme     . . 

1643-23488 

3-216072 

0-2204621 

0-0019684 

0-0000984 

Kilopamme..     .• 
Mynogramme     •  • 

16432-34880 

32-160726 

2-2046212 

0*0196841 

00009842 

164323-48800 

321-607267 

22*0462128 

0-1968412 

0009S421 

1  grain  =  0-064799  grammes. 

1  oz.  troy  ^i3 1-103496  grammes. 

1  lb.  avoirdupois  =:  0-463496  kilogrammes. 
1  cwt.  =60-802377  killogrammes. 

A  kilogramme  (^1000  grammes)  is  about  equal  to  2\  lbs.  avoirdupois  and  1000 
kilogrammes  are  nearly  egual  to  I  ton. 

The  following  figure  will  represent  the  metre  in  this  threefold 
capacity  as  a  measure  of  length,  capacity,  and  weight. 

3-937  inches  :=  decimetre. 


1 

Measure  of  Lengths    ^  "f^  =  ^^  ^~  ^®  ^^"8^  ^^  ^"®  "^®  ^^  *^ 

Each  side           =  1  decimetre. 
(3-937  inches)  =  10  centimetres. 
—  100  miilimdtres. 

Measure  of  Capacity —                                                                                        ■" 

A  cubic  vessel,  each  side  having  the  dimensions  of  this  figure 
would  hold  1  Utre.                                                                         _ 

Meature  of  Weight--- 

A  cubic  centimetre  of  water  weighs 
1  gramme  :=  16-432  grains. 
1000       „        =    1  Utre  or  16,432  grains. 

Square 
Centi- 
metre. 
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We  sliall  oonflider  in  Section  I.  the  meialloids,  oommenoing  with 
oxygen.  In  each  case  the  compounds  that  the  body  forms  with  those 
elements  already  considered,  will  be  examined  in  detail.  Each 
element  and  compound  will  be  examined  as  far  as  practicable  in  the 
following  order:  (1)  Synonyms;  (2)  History;  (3)  Natural  History; 
(4)  Preparation;  (5)  Properties;  (a)  sensible;  (fi)  physical;  (y) 
chemical ;  (6)  Tests ;  (7)  Uses  in  Nature,  Arts,  and  Medicine. 

In  Section  H.  we  shall  consider  the  metals,  their  compounds 
amongst  themselves  (alloys  and  amalgams)  and  their  compounds 
with  tiiie  non-metals  (salts). 

Section  III.  will  be  devoted  to  Organic  Chemietry. 


We  shall  examine  the  non-metals  in  the  following  order :— 


Symbol. 

Atomic 

Relative 

Symbol. 

Atomic 

Relative 

Weight. 

Weight. 

Weight. 

Weight. 

Oxygen  .... 

0. 

16 

16 

Sulphur .... 

8. 

32 

32 

Flaorine    . , 

F. 

19 

19 

Selenium    .. 

8e. 

79-6 

79-5 

Chlorine    . . 

CL 

36-6 

35-5 

Tellurium  . . 

Te. 

129 

129 

Bromine.... 

Br. 

80 

80 

Carbon  .... 

C. 

12 

Iodine    .... 

I. 

127 

127 

Boron 

B. 

11 

N. 

14 

14 

Silicon   .... 

Si. 

28 

Phosphorus 

P. 

31 

62 

Hydrogen  . . 

H. 

1 

1 

mm 


.M 
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Section  I. — The  Metalloids. 


CIIAPTER  III- 
OXYGEN. 

i'OTw:—Sj'nonyTiia— History— Xaturftl  Hiatorf — Preparation — FropertiM,  Oi 
Hiistory^-Nutural  History — rrepitratitm — Pro|>ertie»— Tost* — Quantitativo  De 
mination — Uses  of  Oxygen — Kespuation— Combustion, 

OXYGEN  fO' =16). 

Atomic    weigU~lQ,     Moktular     wfi'ght=d2.     Dyad"     (H^O — Ag^O) 
Molecular  volume  j    j    |  .     Mdaiive   wtight   (H=rl)    16.       Sprnjlc 
gravity  {Air=l)  observed  M056;   theoretic  (0*0693x16)  M08a« 
1  Litre  ueigks  16  criths  (00890  </rm,  X  16)=L4336  grm.  ai  O'^^lfl 
ami  766  fniltimetres ;  100  cubic  inches  weigh  at  60°  F.  and  30  B,  P~ 
3 4" 27  grains. 

SyBOnyms:  Spirilus  Nitro-mrius  (Mayow,  1674);  Dephlogisiicaitd 
aiV  (Priestlej,  1774);  Evtpi^real  air  (Scheel©,  1775);  Pttn  air  (Lavoi- 
Bier,  1777)  ;  Vital  ^ir  (Condercot,  1777)  j  Oxygen  (Lavoisier,  1778,  from 
oivQ  acid,  and  yt>'mw»  I  genera  to). 

History  («)■ — Tlio  earlier  investigators  devoted  miitili  attention 
the  nature  of  what  they  termed  a  calx,  that  is,  the  residue  left 
exposing  a  body  to  fire.     Rey  in  1 630  thought  a  cabt  was  formed 
the  fixation  of  air;  J^oyle,  in  1660,  regarded  it  as  due  to  the  fixation 
of  heat ;  IJmJct  in  1670  again  in«ij?tod  that  it  was  due  to  the  fixation  of 
air;  whilst  Mayow  in  1674  said  it  was  the  fixation  of  a  substance 
eimilar  to  what  existed  in  saltpetre,  which  he  termed  the  nitro-cDni 
spirit.     This   in    great  measure,  anticipated   Lavoisier's   discoveri' 
respecting   combustion.      His   views   were    not,    however,    accept 
being  opposed  to  the  dominating  theories  of  Beccher  and  Stahl 

{b)  Exptrimmtnl  facts. — Priestley,  on  August  1,   1774,  waa  ©: 
menting  on  the  calx  of  mercm-y  {HgO)  by  heating  it  in  a  glass  b 
over  mercury  with  a  burning  glass,  when  he  obtained  oxygen,  which 
named,  in  accordance  with  the  Staklian  theory,  **  Dephlogisticated  airj 

In  1775,  Scheele,  of  TJpsala,  in  Sweden,  whilst  examining  the  actii 
of  sulphuric  acid  on  peroxide  of  manganese  (p^Tolusite)  obtained 
gas  (oxygen)  which  he  called  **  empyreal  air,"  because  of  the  energy 
with  which  it  supported  combustion, 

Lavoisier  (unfairly  no  doubt)  claimed  its  discovery.     He,  howov* 

was  the  first  to  explain  the  true  nature  of  the  red  precipitate,  fn 

whicli  Priestley  originally  prepared  it,  and  showed  that  the  proc 

was  an  indirect  means  of  obtaining  oxygen  from  the  air.     Fiirth 

Lavoisier  disputed  the  troth  of  the   Stahliau  theorj^,  which  taug] 


aftcfl 
»d^| 
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that  when  any  substance  was  burnt,  it  gave  out  "phlogiston,"  proving 
by  actual  experiment  that  the  products  of  combustion  (the  calx)  were 
heavier  than  the  body  burnt,  and  that  therefore  the  body  in  burning 
could  not  have  (fiven  out  anything,  but  must  have  taken  in  something. 
The  Stahlians,  to  meet  this  difficulty,  imbued  their  phlogiston  with 
the  property  of  levity.  Lavoisier  then  propounded  his  new  theory  of 
combustion,  which  was  soon  destined  to  overthrow  the  phlogistic 
theory.  This  was,  **  that  combustion  was  the  combination  of  a  burning 
body  with  oxygen."  He  moreover  rejected  Priestley's  name,  "  de- 
phlogisticated  air,"  and  called  it  oxygen,  or  acid-begetter,  inasmuch 
as  he  believed  it  to  enter  into  the  composition  of  all  acids,  and  to 
constitute  their  acidifying  principle. 

Natural  History- — Oxygen  is  the  most  abundant  element  in 
nature.  Except  in  atmospheric  air,  however,  it  is  always  found  in  a 
combined  state  :— 

(a.)  The  Mineral  Kingdom, — The  solid  crust  of  the  earth  has  three 
chief  constituents — carbonate  of  lime  (CaCO,),  of  which  -f^  is  oxygen  ; 
clai/  (AljOj),  of  which  ^  is  oxygen ;  and  silica  (SiOj),  of  which 
1^  is  oxygen.  Thus  about  one-half  of  the  solid  crust  of  the  earth 
is  oxygen ;  (2)  of  the  water,  or  liquid  part,  f  is  oxygen ;  and  (3) 
of  the  air  or  gaseous  portion,  ^  by  volume  or  J  by  weight  is 
oxygen. 

(/3.)  The  Vegetable  Kingdom, — About  J  of  all  growing  vegetable 
matter  is  water,  ^  of  which  is  oxygen  ;  whilst  of  the  solid  part,  which 
is  principally  cellulin  (CeHjoOs)  -{^^y  ^^  about  J  is  oxygen. 

(y.)  The  Animal  Kingdom, — Water  constitutes  about  75  per  cent,  of 
living  animals,  ^  of  which  is  oxygen.  Of  albuminous  matters, 
about  -i^^,  or  nearly  J  is  oxygen. 

Preparation. — (A.)  Bg  the  action  of  heat  on  certain  metallic  oxides 
and  peivxideSy  as  follows: — 

(1.)  Mercuric  oxide  (HgO) ;  Priestley,  1774;  (216  grains  produce  16 
grains  of  oxygen  or  46*7  cubic  inches) . — 

2HgO       =       2Hg       -f       Og. 
Mercuric  oxide   =      Mercury      -|-    Oxygen. 
[2HgO     =       2Hg       -H       Og]. 

(2.)  Red  lead  {^hjd^\  triplumbic  tetroxide) ;  Priestley,  1774;  (655 
grains  produce  16  grains  of  oxygen) — 

2Pb304  =  6PbO  -H       O2. 

Triplumbic  tetroxide    :=    Plumbic  oxide  {Litharge)     -|-     Oxygen. 
[2PbPbo''2  =  6PbO  -H        Og]. 

(3.)  Manganic  peroxide  (Pyrolusite) ;  Scheele,  1775;  (261  grains 
produce  32  grains  of  oxygen  =  93.4  cubic  inches) — 

3MnO«  =  MnjO*  +        Oj. 

Manganic  peroxide    =    Trimanganic  tetroxide    -|-     Oxygen. 

[3MnO,        =  Mn304         +       0^"^, 
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(4.)  Jiaric  peroxide;  Boueingault,    1851  j    (169  grainft  prodaoe  16 
grains  of  oxygen) — 

2BaOg  =        2BaO         +         0^. 

Baric  peroxide         ^       Baric  oxide       +       Oiygen. 

2BaO«         =       2BaO       +        0^. 
(5»)  Auric t  argentic,  piatiwc  o^idee. 

(B.)  By  (he  action  of  heat  en  certain  salts  rich  in  oxygen — 
(1.)  PotaHsic  chlorate  (Guy  Luasac,   18H);  (122*6  grains  yield 
grains  of  oxygen  ^=  140^1  cubic  incliee). 
The  reaction  occurs  in  two  stages  : — 
(a,)  A  potassic  perehlorate  is  first  formed — 

2X010,        =  KCl  +  KCHO*  + 

Potaisie  cMofaIo    ^    PtitaBaic  chloride    -|~     Potassic  perchlomto    4* 


KCl 


tOKo 


0,. 
Oxygen, 

0..] 


[ft,)  The  potassic  perehlorate  is  then  decomposed — 

KCIO^  ^  Km  + 

Potasaie  perchlomte        ^         PolasBic  cMorido        4* 


lOKo 


KQ 


20,. 
Oxygen. 

20,.] 


(2  )  When  potassic  clilorate  is  mixed  with  manganic  or  with  soil 
other  oxides  it  gives  off  its  oxygen  at  a  much  lower  temperature  than" 
I  when  heated  alone.     According  to  the  experiments  of  Wiederhold 
(Fogg  Ann.,  exvi.,  p.  171)^  confirmed  by  Baudrimont  (Jr.  Pharmaeie^ 
8,  IV.,  xiv,  p*  ^1  aiid  16 1)  no  j>ercMorate  is  formed  under  these  con- 
ditions.    (See  Catalysis.) 

(3.)  Zinvic  sxiJphaic :  (Deville  and  Bobray)  (161  grains  produce  II 
grains  of  oxygen) — 

2ZnS04       =       2ZnO        -f-  2S0^  +       0^. 

Zincic  Sulphate    ss    Zincic  oxide     -|-     Sulphurous  anhydride     4-     Oxygen. 

l^lBO^Yaio"    =      2ZnO       -h  :2S0.  +       Og.] 

(4»)  Alkaline  nitrates;   (101  grains  of  KNO3  produce  32  grains 

oatygen  —  93  4  cubic  inches), 

(5.)  PernmnganaUs  with  superheattd  stettm  (Marf^chiil  and  Tessie  dn 

Mothay) ;  (316-2  grains  of  steam  and  KMn04  produce  64  grains 

oxygen)— 

4K^Mn04      H-  411,0    =  8KII0     -h     2Uu./)^         -f       SOg, 
Potassic  4*     Bteatn    =:    Potaaitio      +      Dimanj^anic       -|-     Oxygen. 

peniuingunate  hydrate  trioxido 

[^MnO^Kog    +  40Hg    =  80KH     +   2MnA       +       30^.] 
If  a  current  of  air  he  passed  over  the  red  hot  residue,  the  pers 
ganate  will  he  reproduced. 

(C.)  By  heating  certain  compound/i  rich  in  oxygen  with  sulphuric  aru 
(L)  Mawjnnic  peTOjidn  and  snlphttric  ucid;  (87  grains  of  MnOg  pr 
duce  16  grainB  of  oxygen) — 
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2Mn08         +     2Hj804      =        2Mn804        +  2HjO  +     Og. 
Manganic  peroxide  +  Sulphuric  aoid  =  Manganoua  sulpliate  +  Water  +  Oxygen. 

[2MnOg       +    2SO8H08    =      28021100"       +20Hj+     0,.] 

(2.)  Potassic  bichromate  and  sulphuric  acid ;  (295  grains  of  potasdc 
bichromate  produce  48  grains  of  oxygen) — 

2Y^0Tfi^    +  8H2SO4  =  2K28O4  +       20r83S04        +8HjO  +3O2. 

Potassic        +  Sulphuric  =    Potasric    +  Chromic  -f  Water  +  Oxy- 

bichromate  acid  sulphate  sulphate  gen. 

(  CrOjKo 
2  \  0  +8SOgHo2=2SO2Ko2+2SsO6'0r"'20^»)+8OHg+302. 

(  CrOjKo 

(3.)  Plumbic  peroxide  and  sulphuric  acid;  (239  grains  of  plumbic 
peroxide  produce  16  grains  of  oxygen) — 

2PbOg        +      2H8804     =        2Pb804        +  2H2O  +     0,. 
Plumbic  peroxide   +   Sulphuric  acid  =  Plumbic  sulphate   +    Water   +   Oxygen. 
[2PbOg       +     2S0gHo2    =      2S02Pbo''       +  20H,  +     0«.] 

(D.)  By  the  action  of  various  oxides  on  hydric  peroxide : — 

HA  +        Ag«0         =    HjO    +    Agg     +      Oj. 

Hydrio  peroxide    +    Argentic  oxide    =    Water    +    Silyer    +    Oxygen. 

[{81       +        °^«        =   ^°«    +    Ag,    +      0,.] 

(E.)  By  the  electrolysis  of  dilute  sulphuric  aeid^  oxygen  being  evolved 
at  the  positive  pole. 

(F.)  By  passing  a  mixture  of  steam  and  chlorine  through  a  red  hot 
tube : — 

2H2O      +         2CI2         =  4HC1  +  Oj. 

Water        +        Chlorine        =        Hydrochloric  acid        +        Oxygen. 

[20He      +         2Clg         =  4HC1  +  OJ. 

(G.)  By  passing  chlorine  through  a  hot  solution  of  sodic  or  potassic 
hydrate,  containing  a  little  chloride  or  nitrate  of  cobalt.  The  chlorine 
converts  the  cobaltous  hydrate  into  cobaltic  hydrate,  and  subsequently 
the  liquid  efifervesces  and  evolves  oxygen.  (Fleitman. ) 

^H.)  By  dropping  sulphuric  acid  into  a  red  hot  platinum  retort : — 

2HgS04       =    2HgO   +  2S08  +       0«. 

Sulphuric  acid    =    Water    -f     Sulphurous  anhydride    +     Oxygen. 

[2SO2H08    =  2OH2  +  2SO2  +      0«.] 

(I.)  By  the  action  of  the  leaves  of  plants  in  sun-light  on  carbonic  acid, 
whereby  the  carbon  is  fixed,  and  oxygen  set  free  {**  Pharmaceutical 
Journal,"  July,  1873,  p.  65). 

Properties- — (o.)  Sensible, — A  colorless,  odorless,  tasteless  gas. 

(b,)  Physiological. — If  a  rabbit  be  placed  in  pure  oxygen  at  76°  F. 
(24°  C),  it  will  live  for  about  three  weeks,  eating  voraciously  all  the 
time,  but  nevertheless  becoming  thin.     The  action  of  oxygen  at  46°  ¥ . 
(7-2^  C),  is  to  produce  narcotism,  and  eventually  deaAi.      ^Yieii 
oxjg&n  Jm  cooled  bj  a  J^eeadng  mixture^  it  induces  ao  intense  a  ii«x- 
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cotieni    thiit    g|)eTation8   may  bo    performed   under   it8    influenc 
(Kicljardaatu) 

Compreaaed  oxygen  is  'Hhe  most  fearful  poison  known."  Th^ 
piir^  gas,  at  a  pressure  of  3  J  atmospheres,  or  air  at  a  pressure  of 
utmospheres,  produces  violent  convulsions,  simulating  those  of  stryel 
nia  poisoning,  and  ultimately  causing  death.  The  arterial  hlood  ia 
these  cases  is  found  to  contain  about  twice  the  quantity  of  oxygen 
that  is  normal.  Further^  compressed  oxygen  stops  fermentation,  and 
permanently  destroys  the  power  of  the  yeast,     (Paul  Bert.) 

(c*)  Phf/stcal, — Oxygen  is  16  times  heavier  than  hydrogen*  Its 
experimental  specific  gravity  is  1-1056,  so  that  100  cubic  inchea 
weigh  34-27  grains.  Oxygen  is  a  permanent  gas,  ?",f.,  it  cannot  be  liqui- 
fied, either  by  cold  or  by  pressure.  It  refracts  light  loss  powerfully  thuu 
any  other  gas  (0^0-8,  air^=l).  Oxygen  is  an  electro-negative  body^ 
that  is,  it  is  attracted  by  the  positive  pole  of  the  battery.  It  is 
only  gas  that  is  magnetic  (?),  although  its  magnetism  at  best  is  buf 
feeble,  and  is  diminished  by  heat  aud  increased  by  cold.  Heat  (as  in 
the  case  of  all  other  gases)  expands  it  0-3605  times  its  volume  fa 
every  1*^'  C,^  and  0*002  times  its  volume  for  every  1°  F.  It  is  onij 
slightly  soluble  in  water;  100  volumes  dissolve  3  to  4  volumes  of 
oxygen, 

(d.)  ChemieaL^Ozjgen  has  no  action  either  on  litmus  or  on  turmeric| 
It  causes  no  precipitate  with  lime  water.    It  forms  red  fumea  of  N^(| 
with  nitric  oxide  (N^Og).     It  is  completely  absorbed  by  a  solution  - 
pyrogallic   acid   in   strong  caustic  potash.      It  supports  combustiolj 
vigorously,  but  is  not  itself  combustiblo  j- — hence  Lavoisier's  theory  < 
combustion,  that  it  was  **  rapid  oxidafion.^^ 

Action  on  the  metalhids. — Oxygen  combines  directly  with  aU  the  non- 
metals  except  fluorine,  with  which  it  does  not  combine  at  all,  and 
the  other  haloid  bodies,  with  which  it  only  combines  indirectly,  that 
is,  through  the  intervention  of  a  thu'd  body.     It  combines,  however, 
with  none  of  the  metalloids  at  ordinary  (emperaiureft  except  with  phos- 
phorus, in  which  case  the  energy  of  oxidation  may  be  so  intense  that 
'  <5ombu8tion  results.     If  carbon,  sulphur,  or  phosphorus  be  burnt 
oxygen,  bodies  are  formed  (viz.,  COg,  B0«,  and  P^O^),  which,  wheil 
dissolved  in  water,  redden  litmus.     All  the  non-metals,  except  hjdr 
gen  and   fluorine,   form,  by  their   union  with  oxygen,  anhydride 
which,  when  dissolved  in  water^  constitute  acids.     Hence,  La voisie 
taught  **  that  oxygen  was  the  acidifying  principle  of  all  acids/'  a 
theory  we  now  Icnow  to  be  incorrect.  ^^ 

Action  on  the  metals, — Oxygen  combines  directly,  under  certain  con^H 
ditions,  with  all  the  metals,  except  gold,  silver,  and  platinum  (Noble 
metals).     Combination,  however,  does  not  usually  occur  at  ordinary 
temperatures,  except  in  the  case  of  a  few  metals,  such  as  sodiv 
potassium,  barium,  strontium,  and  calcium,  and  in  some  other  c^ 
where  the  metals  have  been  reduced  to  a  state  of  minute  subdivisic 
(pjToiyhoric).     Only  a  very  modorai©  keat,  \io^«^es,  ^  waually 
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juired  to  effect  a  union.     Iron,  lead,  etc,,  undergo  superficial  oxidation 
lin  the  air  at  common  temperatures^  but  this  is  dependent  on  certain 
circumstances  that  favor  oxidation,  such  as  the  presence  of  moisture, 
carbonic  anhydride,  etc. 

When  a  metal  combines  with  oxygen,  it  generally  forma  what  is 
^"called  a  hase,  that  is,  *'<?  compound  bodif  capable  comphid^  or  in  part  of 
netttrahzing  an  acid,*^     The  compounds,  formed  by  the  union  of  the 
alkaline  metals  with  oxygen,  are  called  alkalies  or  alkaline  bases,  as, 
e.g^t  eodic  oxide  (Na^O)  potassic  oxide  (K^O),  etc.     These  bodies  are 
very  soluble  in  water.     The  other  raetals  also  form  bases  with  oxygen, 
but  they  are  practically  insoluble  in  water  j  nevertheless  they  are 
capable  either  entirely  or  in  part  of  neutralizing  acids  (ZnO — Fe^Oa), 
No  non-metal  ever  forms  a  base  by  its  union  with  oxygen,  although:] 
some  metals  form  anhydrides  by  such  combination.      This  anhydride 
is  always  the  highest  oxide  that  the  metal  is  capable  of  forming,  as 
i€.g.f  stannic  anhydride,  ISnO^ — antimonic  anhydride,  8bj05,  etc.    There 
fare  certain  oxides  that  are  neither  acids  nor  bases,  and  are  known 
as  **  indifferent  oxideM**  from  their  ainiilarity  to  salts.     Such,  for  ex- 
ample, are  water  (H^O),  manganic  peroxide  (MnOn),  etc. 

Various  methods  have  been  devised  for  eatimating  the  quantity  of 
free  oxygen  present  in  a  mixed  gas.  In  most  cases  the  oxygen  is  re- 
moved by  absorbent  agents,  such  as  moist  phosphorus  or  certain  moi^t 
metals  (iron,  lead,  ete.) ;  certain  low  oxides,  such  as  FeO  or  N^Oa 
(Priestley)  J  or  a  mixture  of  the  last  two  bodies  (Davy)  ;  the  ammonio- 
chloride  of  copper  (Graham)  ;  pyregallic  acid  dissolved  in  an  alka- 
line solution  (Liebig);  red-hot  copper  or  iron  (Dumas);  cuprous 
oxide  (CugO)  in  ammonia  (**  Chemical  News,*'  vol.  xxxiii.,  p.  5); 
also  by  exploding  the  gas  with  hydrogen.  These  methods  of  esti- 
mating oxygen  will  be  referred  to  under  the  analysis  of  air, 

■  Allotropic  Oxygen :  Ozone  (ofw,  I  smell). 


^: 


■th 


(0  0896  grnu  X  24)  2-1504. 

History*— ^"^'^  ^arum  (1780)  noticed  that  air  or  oxygeo,  through 
which  electric  sparks  had  been  passed,  possessed  a  peculiar  odor,  and 
rapidly  tarnished  quicksilvor.  Schunboin,  of  Basle,  in  1B40,  showed 
that  tliis  peculiar  smelling  gas  was  developed  by  exposing  moist 
phosphorus  to  air.  Since  1840  ozone  has  been  further  examined  by  ^ 
Uariguac,  De  la  Kive,  Fremy,  Becquerel,  Andrews,  etc. 

Natural  History  (See  Ozone  under  Air). 

Nature  of  Ozone- — Schonbeiu,  in  the  first  instance,  regarded  ozone  as 
a  peroxide  of  hydrogen  (H^jOg,  or  in  old  formula  HOg) ;  Baumert  and 
["Williamson  fixed  H2O3  as  its  composition,  because  water  and  oxygen,  as 

ey  tupposod,  were  formed  by  its  decomposition  :  (H^Oj^HsO-f  O^). 
Berzelius,  Marchand,  Erdmann,  Marignac,  De  la  Rive,  Eremy,  Bete- 
querela  and  Andi-ews  afterwiU'da  showed  that   pure  dnj  ox^^^^u  t^^ 
be  o^&ixed^  whilst  Andrews  proved  that  witli  proper  yjxeca^uUoiia  uo 
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-water  results  from  ita  decomposition*     St^tioobein  afterwards  regarded 
ozone  as  permanently  negative  oxygen  (0)|  there  being,  as  he  thought, 

a  permanently  positive  oxygen  (U)  (antozone),  a  body  which  has  not  ai 
yet  been  obtained  in  a  free  state  (see  page  63). 

Chemists  are  now  tolerably  agreed  that  ozone   is  an   aUotropic 
oxygen^  where  three  volumes  are  condensed  into  two, 


Tolumes 
fOOO—two  volumes  J 


one  of  the 
other    two 


being    in   a   different    polar  condition   to  the 

This  view  is  confirmed  by  the  observation 


of  Andrews  that,  when  ozone  is  absorbed  by  mercury  or  by  potaaaio 
iodide,  the  volume  of  the  gas  is  not  affected. 

000  +  Hg  =  HgO  +  00 


larglH 


9  roH.  of  Osanfl.  1  rols.  of  Comsaon  0. 

Preparation^ — Ozone,  however  prepared,  always  contains  a 
admixture  of  air  or  oxygen.     The  following  are  some  of  the  methods" 
by  which  it  may  be  obtained  :— 

(I.)  By  tlicfncal  agenrtf.  The  silent  passage  of  electricity  through 
damp  oxygen,  is  the  method  best  adapted  for  its  generation.  A  email 
induction  spark,  or  the  brush  from  the  electrical  macliine,  may  also 
be  employed,  but  the  long  spark  from  the  coil,  on  account  of  its  high 
temperature,  destroys  the  ozone  as  fast  as  it  is  generated.  Various 
ozonizers  have  been  invented,  in  order  to  secure  this  silent  passage  of 
electricity  through  oxygen.  That  of  Rouzeau  consists  of  a  glass  tube 
filled  with  oxygen,  a  platinum  wire  being  placed  in  the  centre  of  the 
tube,  attached  to  one  termiuEd  of  an  induction-coil,  whilst  a  seeoi] 
wire  is  wound  round  the  glass  tube  and  attached  to  the  other  te 
minal.  Skmen^s  ozonmr  consiatB  of  two  glass  tubes,  one  placed  inside 
but  separate  from  the  other  by  a  small  interval,  through  which 
stream  of  oxygen  may  be  continuoualy  passed.  The  internal  tubd 
has  its  inner  surface,  and  the  external  tube  its  outer  surface,  covered 
with  tin-foil.  When  these  are  connected  with  different  poles  of  the 
ooil,  a  silent  discharge  takes  place  between  them,  whereby  the  OBOni- 
zation  of  the  iotermediate  oxygen  is  effected.  By  means  of  these 
ozonizers,  60  to  120  milligrammes  of  ozone  per  litre  of  oxygen  may 
be  obtained.  ^^ 

(2,)  By  the  elect  roli/sh  of  dilute  mlphuric  acid.  The  oxygen  which  i^i 
set  firee  at  the  positive  pole  by  the  electrolysis  of  dilute  sulphuric  acid 
contains  about  ^i^  part  of  its  volume  of  ozone,  t.f.,  about  3  to  5  milli- 
grammes per  litre.  The  water  mixed  with  the  acid  should  be  free 
from  all  organic  or  other  oxidixable  matters,  and  the  presence  of  a 
little  bichromate  of  potash  in  solution  is  said  to  assist  its  formation. 
(Baumert.) 

(3.)  By  slow  cmnhustion  (Eremacausis) :  (a)  of  pho^phonts  in  mout  air 
' (Sehouhein).     The  phosphorua  employed  should  be  freshly  scrape 
And  kept  at  a  temperature  of  from  TO'"  to  ^^fY.^^Ssi^t'  ^>^ 
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slioiild  not  be  allowed  to  act  od  the  same  air  for  more  than  an  hour, 
otherwise  the  ozone  first  generated  will  be  decompoaed.  The  action 
ia  more  complete  if  the  air  in  the  vessel  be  slightly  rarefied,  the  best 
electa  being  produced  by  employiog  a  mixture  of  hydrogen  and  oxy- 
gen in  the  place  of  air.  {(3.)  By  the  slow  combust wn  of  ethtr  and  volatile 
oils.  When  the  combustion  of  ether  is  effected  by  glowing  platinum, 
or  by  placing  a  hot  glass  rod  in  a  bottle  filled  with  the  Tapour,  ozone 
ie  produced,  together  with  certain  acid  vapours*  Aromatic  plants  and 
flowers  are  also  said  to  generate  ozone  (Mantegazza),  although  the 
recent  experiments  of  Kingsett  indicate  that  hydroxyl,  and  not  ozone. 
Is  generated  under  these  circumstances. 

(4.)  By  the  rapid  comhmiion  of  all  bodies  containing  hi/dfvgen.  The 
generation  of  ozone  under  these  conditions  is  supposed  to  be  due  to 
the  hydrogen  molecule  combining  with  a  half  molecule  of  oxygen  (a), 
leaving  the  other  atom  of  oxygen  free  to  combine  with  a  second  oxy* 
gen  molecule  to  form  ozone  {/3).     Thus — 

(a,)  H,  +  0,  =  H,0  +  0  ;    (ft,)  0  +   O5  =  0,. 
Ozone  is  not  formed  by  the  combustion  of  carbon,  inasmuch  as  carbon 
combines  not  with  half  molecules  of  oxygen  (0),  but  with  complete 
molecules  (Os),    (Thau.) 

(5.)  By  the  action  of  oxygen  on  fine  part  id  C9  and  on  large  mrfacen. 
When  lead  pyrophorus  is  exposed  to  the  air^  it  catches  fire  spontane- 
ously, owing  to  the  generation  of  ozone,  by  the  action  of  air  on  the 
finely-divided  metallic  particles,*  Similarly,  when  phosphorus  is  dis- 
solved in  bisulphide  of  carbon,  and  the  solvent  allowed  to  evaporate, 
the  finely-divided  phosphorus  ires  spontaneously, 

(6.)  By  nasctnt  action.  The  intense  activity  of  nascent  oxygen,  it  Is 
thought^  may  be  due  to  the  gas  being  ozonic.  Probably  the  oxygen 
set  free  by  plants  from  the  decomposition  of  carbonic  anhydride  la 
also  ozonic.  (De  Lucca,  **  Pharmaceutical  Journal/*  July,  1873,  p,  65,) 
Possibly  to  this  may  be  traced  the  bleaching  action  of  morning  dew. 

Properties  of  Ozone- — (a)  Sensible.  A  colorless  gas  having  a 
peculiar  phosphorus-like  odor  (ofui,  I  amell), 

(ft,) — PhgsiologicaU  Its  special  action  in  respiration  will  be  discussed 
further  on  (page  64),  It  acts  as  an  iu tense  irritant  to  the  eyes  and 
]i0S6p  and  rapidly  proves^fatal  to  animal  life.     (Th^nard  and  8chonbein.) 

(y.)  Fhi/FtcaL — Ozone  consists  of  3  volumes  of  oxygen  condensed 
into  2  volumes ;  hence  its  density  must  be  1^  times  the  density  of 
common  oxygen  j  1  litre,  therefore  weighs  (8x3)  24  criths  (see  page 
35),  It  decomposes  slowly  in  the  presence  of  moisture  at  212^  F, 
{100°  C),  but  decomposes  instantly  at  a  temperature  of  from  A5(f  to 
■00"^  F,  (232°  C.  to  260^  C;),  the  02one  becoming  ordinary  oxygen. 
^zone  is  only  slightly  soluble  in  water.  At  32*^  F,  (0^  0.)  100  volumes 
of  water  dissolves  ^  volume  of  ozone  (Carius).     It  is  not  soluble  in 

lations  of  acids  or  alkalies. 


r 


Possibly  thia  action  may  b©  dm  to  the  corboo  present  absorbing  oxy^etv,  iMi.Qt  %si 
briDgii^  it  witliia  the  sphere  ofa&mt/. 


62 


HAin^BOOK    OF   MODERN   CHEMISTRY. 


(c,)  Chemical, — Ozone  is  a  powerful  oxidiser.    This  action  de^pend^™ 
on  its  desjrs  to  throw  off  one  of  its  oxygen  atoms,  and  so  return  ^H 
the  condition  of  ordinary  oxygen.     It  bleaches  litmus,  and  is  almost 
as  powerftil  a  supporter  of  combustion  as  ordinary  oxygen. 

(1.)  Action  on  the  I^^on'mctallic  Eletnents* — ^These  are  as  a  wliole  but 
little   and  but  slowly  affected  hj  it.      It  rapidly  oxidizes  the  eois^H 
pounds  of  hydrogen  with  phosphorus,  sulphur,  and  selenium.  ^| 

(2.)  Artion  on  Metals, — ^None  of  the  metals,  except  mercuiy,   are 
affected  by  dry  ozone^  whikt  in  the  presence  of  moisture,  nearly  all  the 
metals  {except  gold  and  platinum)  are  oxidized  by  it.     Even  metallic 
silver  is  converted  into  a  peroxide.   It  is  to  be  noted  that,  under  thei^l 
circumstnncea,  no  contraction  of  the  gas  results,  the  ozone  retumin^B 
from  the  triatomic  to  the  diatomic  condition  of  ordinary  oxygen. 

(3.)  Action  Qn  Mimral  Cempounch. — Ozone  converts  the  protoxides 
and  protosalts  of  lead,  tin,  iron,  manganese,  etc.,  into  peroxides  and 
persalts.  Some  peroxides  decompose  ozone,  and  are  themselves,  at 
the  same  time,  partially  reduced.  Thus  the  peroxides  of  copper,  ma 
ganese,  and  barium, etc,  exhibit  this  catalytic  action  on  ozone: — 
BaOo  +  05  =  BaO  +  20^. 

The  8!ilphides  and  selenides  are  also  oxidized  hj  it.    It  decomp 
iodide  of  potasBium,  iodine  being  set  frea 

(4.)  Act  ton  on  Organic  A  fatter  and  on  Organic  Compounds. — Orgs 
bodies  generally  are  speedily  oxidized  by  ozone.    It  bleaches  indig 
converting  it  into  isatin;   tincture  of  guiacum  is  turned  green  by  it ; 
cork  and  caoutchouc  are  speedily   acted  upon.     Putrid   flesh  ia  da 
odorized.     Strychnia  and  aniline  assume  various  tinta  under  its  actios 
It  is  absorbed  by  turpentine.     It   has  no  action  on  paraffin,  whic 
may  therefore  be  used  for  joining  apparatus  used  in  its  generation 
and  in  experiments  upon  it. 

Special  Tests  for  Ozooe^ — (l)  White  bibulous  paper  soaked  in  ( 
solution  of  1  part  of  potassic  iodide,  5  parts  of  starch,  and  100   pa 
of  water,  constitutes  the  common  oxone  test-paper.     Ozone  displa 
the  iodine  from  its  combination,  the  iodine  thus  set  free  blueing  ' 
fitarch.     For  determining  the  presence  of  ozone  in  the  air,   Schoabeii 
employs  moist  ozone  papers,  whilst  Moffatt  prefers  them  dr$f,     Thi 
fallacies  to  this  as  a  test  for  ozone,  are  the  presence  in  the  air  of 
chlorine  or  of  the  oxides  of  nitrogen.  ^M 

(2.)  IIou£eau*8  Ozorwmett'v  consists  of  neutral  litmus  paper,  soaked  ii^^ 
a  dilute  solution  of  potassic  iodide,  the  pohish  sot  free  by  the  ozone 
turning  the  paper  blue.    A  piece  of  the  litnus  paper  without  iodide, 
also  exposed  to  the  air  at  the  same  time,  a  comparison  of  the  tin 
papers  indicating  how  far  the  action  on  the  iodide  paper  may  be  du 
to  ammonia  in  the  air,  and  not  to  the  action  of  ozone. 

(3,)  A  solution  of  sulphate  of  manganese  is  turned  brown  by  ozone* 

I'L)  A  colorless  solution  of  a  protomlt  of  thallium  is  turned  yellow  1 
ozone,  but  not  by  the  oxides  of  nitTogoii  (^**  Intellectual  Observer,*] 
18(17,  p.  399), 


:0De 

'4 


AKTOZON£* 


63 


Quantitative  Determination* — THs  is  mad©  either  (l)  by  means 
of  a  weighed  quantity  of  dry  mercury,  which  rapidly  absorl>a  ozone, 
or  (2)  by  estimating  the  amount  of  iodine  liberated  in  a  solution  of 
potaasic  iodide  of  known  strength,  a  little  hydrochloric  acid  being 
added  to  prevent  the  absorption,  of  carbonic  acid  :■ — 

ri  034-2KI+H.O=Oe+I+2KHO, 

"  Antozone. 

Schonbein  first,  and  afterwards  Brodie,  direc^ted  attention  to  the  fact 
that  oxygen  appears  to  exist  in  certain  compounds,  not  only  in  a  state 
different  from,  but  actually  antagonistic  to,  ozone,  Schonbein  termed 
this  form  of  oxygen,  aniozone.     Brodie  was  of  opinion  that  the  dif- 

tference  between  ozone  and  antozone  depended  on  the  oxygen  in  the 
two  cases  being  in  different  polar  conditions,  its  polarity  being  deter- 
mined by  the  body  with  which  it  was  associated  (Odling,  p.  125), 

For  example;   (a.)  The  oxygon  existing  in  peroxide  of  mangamss 
(JinOe),  in  peroxide  of  had  (PbO^),  in  chromic  add  {HaCiO^ ),  and  in 
^Lftian^anic  acid  (liAInO^),  was  regarded  as  ozonic,  for  in  a  nascent  state 
Kit  was  found  to  color  strychnia  and  guiaoum  ;  whereas — 
H       (/3.)  The  nascent  oxygen  evolved  from  the  peroxides  of  hanum^  of 
^mBtrontium^  ofraldum^  and  of  hydrogen,  on  the  contrary,  was  incapable  of 
V.coloring  strychnia  or  tincture  of  guiacum.     And,  further,  the  oxygen 
obtaiJied  from  this  latter  series  seemed  to  be  in  some  respects  abso- 
lutely antagonistic  to,  and  destructive  of,  the  ozone  obtained  from  the 
former  series,  combining  with  it  to  form  common  oxygen.     Thus, 

I  peroxide  of  hydrogen  is  decomposed  by  the  oxides  of  mercury,  silver, 
gold,  or  platinum,  these  latter  oxides  being  themselves  reduced  during 
flie  process,  whilst  ozone  was  found  to  decompose  peroxide  of  hi/drogen 
leaving  water,  and  peroxide  ofbanum  (UaOg)  leaving  BaO,  and  common 
oxygen  in  each  case. 

These  facts  suggested  the  notion  that  the  oxygen  present  in  these 
bodies  must  exist  in  different  polar  or  electrical  states,  and  that  the 
antagonism  was  duo  to  the  power  of  the  one  to  neutralize  the  other, 
ThuB— 

^(l*)  (a.)  Ozone  and  peroxide  of  hj/drogefu 
000 
; 
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+        HgOO 
Ozone  -f       Peroride  of       j= 

hydrogeu 

(j3.)  Oxane  and  peroxide  of  barium, 
-+-  +  -^ 

000         -h        BaOO 
Oxone         +  Baric  i= 

peroxide 

i,)  (a.)  Peroxide  of  h^drogtn  and  peroxide  of  manganese, 

MnOO       +       H^OO      =      MnO       +       H.O       + 
Peroxide  of     -|-     Peroxide  of   ^    Mangnneao    4-       Water       -^-    Com.\itfWv 
m«oganc«©  hydrogen  oxido  int^^feu. 
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(/3,)  Peroxide  of  hi/dro^en  and  the  oxides  of  the  nohU  metals. 

AgAgO       +       H,o6      =       AgAg      -h       H,0       + 
Argentic        -f    Peroiide  of    -=■         SilTer         +       "Water        +     Common, 
oxido  hydrogen  oxygen. 

From  this  it  was  inferred  that  #xygeii  was  capable  of  oxiating  in  at 
least  tliree  states,  wMcli  were  repreaented  aa  follows^ 
=        +- 
(1.)  Common  oxijg en :     0  or  00; 

—        +—     —  --f- 

(i2.)  Ozonic  oxygen :       0  or  00  +  0     =     000; 

(S.)  Antozonkoj'^gcn:  0  or  00 +  0     =     000. 

The  recent  researcties  of  V.  Babo,  Woltzien,  etc.,  have,  however^ 
proved  beyond  a  doubt  that  this  peculiar  body,  called  antozon©  by 
Schonbein,  is,  after  all,  merely  peroxide  of  hydrogen  (p.  209). 

Uses  of  Oxygen. — (a.)  In  nature  oxygen  acts  as  the  great  burner 
up  of  dead  organic  matter.  We  see  eremacausis  or  slow  oxidation 
taking  place  in  the  decay  of  wood  (dry  oxidation),  in  the  formation  of 
humus  and  peat  (wet  oxidation),  and  in  the  change  of  wood  into  coal 
(wet  and  imperfect  oxidation).  In  nitrification  we  see  the  action  o£ 
oxygen  producing  nitre.  Oxygen  eflocta  the  resinif  cation  of  the  fixed 
and  volatile  oEs,  illustrated  in  the  drying  of  paint,  in  the  occasional 
firing  of  greasy  rags,  and  more  generally  in  the  formation  of  resins* 
The  acetifcation  of  alcohol,  again^  ia  an  oxidizing  action :  thus — 
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EESPmAxroK. 
By  the  act  of  respiration  the  oxidation  of  tissue  is  effected,  Thif 
a  process  common  to  all  animals.  Oxygen  must  be  brought,  by  soiik 
means  or  another,  into  contact  with  tho  blood,  and  by  it  with  the  body 
generally.  In  some  animals  we  find  for  this  purpose  a  minute  series 
of  tubes,  along  which  air  is  conveyed  through  the  system.  In  fish, 
the  water  containing  oxygen  in  solution,  passes  through  the  gills,  and 
coming  into  contact  with  a  fine  membrane,  upon  the  opposite  side  of 
which  the  blood  of  the  animal  circulates,  there  occurs  a  free  inter- 
change of  gases.  In  some  animals,  as  in  frogs*  respiration  is,  in 
great  part  (and  in  the  higher  animals  in  a  lesser  degree),  cutaneous 
transpiration  ;  whilst  in  animals  generally  the  lungs  constitute  thi 
principal  machinery  for  effecting  the  proper  oxygenation  of  thi 
blood*  In  respiration  the  changes  produced  are  threefold  j  (1)  « 
visible  or  color  chamje ;  (2)  a  phjmcal  or  heat  change,  resulting  froi 
chemical  combination  j  and  (3)  a  ehemicat  diangc.  The  facts 
respiration  were  collected  slowly;  Mayow(1674)  proved  the  takinj 
in  by  the  lungs  of  something  present  in  the  air;  Black  (1757) 
proved  the  return  of  something  to  the  air  during  exhalation ;  whilst 
Lavoisier  proved  that  the  active  gas  taken  in  by  the  lungs, 
oxygen,  Bjid  that  the  gas  returned  was  carbomc  anhydride.  He 
farther  of  opinion  that  tho  animal  h^at  was  \kQ  t^wciVl  oi  t^.  ^i 
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of  combustion,  tlie  union  of  carbon  and  oxygen.  But  he  noted  that 
the  carbonic  anhydride  given  back  to  the  air,  only  accounted  for  a 
portion  of  the  oxygen  taken  horn  the  air.*  Hence  arose  a  theory  of 
diJfuBion,  which  regarded  respiration  as  a  purely  physical  act.  This 
may  be  etated  as  follows; — The  venous  blood,  rich  in  carbonic 
acid  but  poor  in  oxygen,  passes  into  the  minute  pulmonic  capUlaries, 
external  to  which  is  a  mixed  gas  (the  air),  cootaiDing  very  little 
carbonic  acid,  but  rich  in  oxygen ;  hence  an  interchange  of  gases  takes 
place  to  establish  equilibriiim.  More  recent  experiments,  however, 
have  shown  that  breathing  in  not  merely  a  physical,  but  a  chendcal 
act.  In  the  red  blood-corimades  a  compound  exists  called  "  hfcmo* 
globin."  This  body  has  a  purple  color  in  venous  blood,  but  is  capable 
of  combining  chemically  with  oxygen  to  form  a  vermilion  red  body 
called  **oxyhffimoglobio,"  the  coloring  matter  of  arterial  blood.  The 
active  ageut  in  respiration  is  this  haemoglobin,  a  body  remarkable 
for  the  ease  with  which  it  both  combinea  with,  aud  also  delivers  up, 
oxygen.  Asphyxia  means  the  non -oxygenation  of  the  pui'^^ple  hoomo- 
globin.  Other  gases^  each  as  carbonic  oxide,  are  also  capable  of 
combining  with  it,  forming  *^  carbonic  oi^^de  hmmoglobin^^^  which  is  of  a 
like  red  color  to  oxy haemoglobin,  but,  unlike  it,  in  that,  when  once 
formed,  the  hsemoglobin  cannot  part  with  the  carbonic  oxide,  in  the 
MAme  way  that  it  can  with  oxygen.  Hence  the  cause  of  death  in 
poisoning  by  this  gas* 

Experiments  (some  teach)  have  shown  that  the  blood  corpuscles 
possess  the  power  of  ozoni2ing  the  oxygen  inhalod,  peroxide  of  hydro- 
gen being  formed  by  its  combination  wnth  water.  This  compound  is 
again  decomposed  into  water  and  oxygen,  which  oxygen  in  its  nascent 
state  serves  for  the  purposes  of  oxidation.  It  is  certain  that  both 
blood  and  hemoglobin  have  the  power  of  setting  free  the  oxygen  ab- 
sorbed by  oil  of  turpentine,  and  that  blood  globules  act  similarly  on 
peroxide  of  hydrogen.  The  nascent  oxygen  thus  evolved  is  capable  of 
acting  on  auoh  bodies  as  potassic  iodide  and  starch,  tincture  of  guia- 
cmn,  etc.  In  fact,  Sehonbein  taught  that  the  function  of  the  blood 
corpuscles  was  the  chemical  excitement  of  the  oxygen  of  the  respired 
air.  If  haemoglobin  be  mixed  with  alcohol  or  heated  to  212°  F,,  it  then 
loses  the  power  of  decomposing  the  peroxide.  Thus  it  is  held  that  there 
is  perpetually  going  on,  in  the  animal  organism,  this  formation  and 
destruction  of  ozone  and  peroxide  of  hydrogen.  The  solution  of  the 
corpuscles  and  their  olteration  iato  other  products  is  believed  to  be 

lie  to  the  ozone.  These  products  have  no  longer  any  plastic  property, 

id  in  this  way  Schmidt  believes  that  the  fluidity  of  the  blood  is 

sintained.    (Sehonbein,  Schmidt,  Scbi'eiber,  etc.) 

\  The  quantity  of  oxygen  required   for  respiration  is  important.     It 

^•  Serbivt>rou»  animulB  aro  s&id  to  exhal©  carbonic  at^id  in  volume  ec^ual  to  the 
fj^Ti  (ftken  in,  but  camivorouB  jmimula  exhalQ  a  volume  of  caibonk  m^   V^  ^t 
I  tluui  the  inluJed  oij'gen, 
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varies  with  eex,  ago,  diet,  exerciaoi  etc.     The   foUowi 
important : — 

I,   The  Carbon  daihf  consumed  as  food,  and  daily  evolved 
And.  (Dr.  E.  Smith.) 


Adtilt  Man. 


In  Hlfnew 

With  ordinnry  Ubour 

With  active  work 


Carbon  constuned  in 
diet  daily. 


OZB. 

872 
1300 
15-60 


grains* 
3816 
66dd 
6825 


Carbon  evolved  by  lia 
daily  tm  CO,. 


7*85 

9*11 

12*^ 


gnx 

56i 


The  3985  graiuB  of  carbon  evolved  per  day  from  the  lunga 
man  in  ordinary  work  is  e<|uivalent  per  hour  to  about  1240  i 
inchea  of  carbonio  acid. 

Carbon  consumed  per  liottr  by  males  (Andral  and  Gavarret). 
Up  to  8  jears  of  age  , ,         . .     77  grains  per  hour. 


From  8  to  16  . 
15  to  20  . . 
20  to  40  , , 
'10  to  CO.. 
60  and  over 


133 
175 
\U 
155 


Females  consume  somewhat  less,  vi^:.,  98  grains  per  hour  from 
II.   The  Qxygen  daily  mnmmed  hj  the  food  taken  by  an  average 
(The  following  results  are  the  mean  of  the  observations  of 
Liehig,  Begnault,  LassaignOi  Scharling,  and  Smith) :— 


I 

1 


Oxygen  eonaumed  by  the  9  omb.  of  ^e  carbon  of  food 
„  „  „      J  oz.       „     hydrogen  „ 


ots.  cnbte  I 

24  =    17*7 

4  s      2-9 

28  =    20-6 


Total  of  oxygen  c&nsumdl  daily 

This  is  at  the  rate  per  hour  of 

1469  eabic  inches  of  oxygen  ;  or  ^H 

7440  of  air.  ^| 

in.  Normal  air  contains  004  per  cent,  (or  4  parts  in  10,00 
carbonic  acid.  Air  containing  4  per  cent,  of  carbonic  acid  (the  q 
tity  present  in  expired  air)  is  perfectly  irrespirable ;  air  contain! 
per  cent*  of  carbonic  acid  is  extremely  distressing  j  air  contai 
O'l  per  cent  may  be  regarded  as  polluted, 

IV.  It  follows  that  the  quantity  of  air  used  per  hour  (7445  i 
inches)  phis  that  vitiated  by  the  12-10  cubic  inches  of  carbonic 
expired,  must  be — 

At  4  per  cent,  of  COg  38,445  cub.  in.  =  22  22  cub.  ft. 
At  1  „  „  131,445       „  =   76-08       „     ^ 

At  O'l       „         „       1,247,445       „  =723-64       „    ^ 

V.  The  quantity  of  air  required  for  respiration  by  an  ordinary 
is  equal  to  that  contained  in  a  room  9  ft.  square  and  9  ft.  higl 
newed  every  hour,  whilst  for  good  breathing  it  should  be  ren 
BYory  hnlf-hour.     When,  therefore,  we  fix  300  cubic  feet  as  the  i 

per  head  in  f*leeping-rooms,  it  is  manifest  that  this  must  be  ; 
as  the  verj  mimmumt  and  implies  ChoToviLg\i  \otLl\\aV\o\i, 
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YI.  In  these  calculatioiiB  the  carbonic  acid  tram  the  lungs  is  the 
only  product  considered.  There  is  also,  however,  the  carbonic  acid 
given  off  from  the  skin,  etc.,  which  should  also  be  taken  into  account. 

It  may  be  noted  that  a  horse  consumes  about  13  times  as  much 
oxygen  as  a  man;  that  is,  he  requires  about  19,000  cubic  inches  of 
oxygen,  and  95,000  cubic  inches  of  air,  per  hour. 

(a.)   Use  of  oxygen  as  an  agent  of  combustion : 

The  following  table  shows  the  quantity  of  oxygen  consumed,  the 
CO2  produced,  and  the  air  vitiated  by  the  combustion  of  1  lb.  of  the 
following  substances — 


One  pound  of 

Cubic  ft.  of 

Oxygen 
consumed. 

Cubic  ft. 

of  Air 

consumed. 

Cubic  ft  of 
Carbonic 
Acid  (CO  J 
produced 

Cubic  ft.  of 
Air  vitiated 
(thatisCO, 
=lperct) 

Heat  pro- 
duced in  lbs. 

of  water 
raiaedlO^'F. 

Newcastle  Coal. 
Dry  Wood 
Dry  Turf 
Coke       .. 
Charcoal 
Camphine 
Benzol    .. 
^permaceti 

Stearic  Acid 
Stearin  .. 
Paraffin  . . 
Paraffin  Oil 
Rape  Oil 
Sperm  Oil 

30-16 

16-85 

17-15 

28-14 

31-26 

38-90 

36-3 

370 

37-7 

34-6 

34-4 

40-5 

40-6 

38-7 

38-7 

160-76 
79-25 
86-75 
140-70 
166-30 
194-6 
181-5 
I860 
188-5 
173-0 
172-0 
202-5 
202-5 
193-6 
193-5 

125-62 

15-30 

18-61 

28-88 

31-11 

27-8 

29-1 

25-2 

25-6 

24-0 

24-2 

27-0 

270 

24-3 

24-3 

2713 

1609 

1737 

3129 

3267 

2974-5 

3091-6 

2705-0 

2748-5 

25730 

2592-0 

2902-5 

2902-5 

2623-5 

2623-5 

1159 
676 
579 
1256 
1409 
1967 
1820 
1759 
1681 
1706 
1800 
2133 
2133 
1775 
1775 

1  cubic  foot  of  common 
coal  gas  — 14  candles 

1    cubic  foot  of  cannel 
coal  gas — 20  candles 

1-17 
1-56 

6-85 
7-80 

0-56 
0-83 

60-65 
90-80 

66 

76 

The  following  table  shows  the  oxygen  consumed,  the  carbonic  acid 
produced,  and  the  air  vitiated,  by  the  combustion  of  certain  bodies, 
burnt  so  as  to  give  the  light  of  12  standard  sperm  candles,  each 
candle  burning  at  the  rate  of  120  grains  per  hour  each : — 


Burnt  to  give  light  of 

12  candles  =  to  120 

grains  per  hour. 

Cubic  ft.  of 

Oxygen 
consumed. 

Cubic  ft. 

of  Air 

consumed. 

Cubic  ft.  of 

Carbonic 

Acid  (COj) 

produced. 

Cubic  ft.  of 
Air  vitiated 
(that  is  CO, 
:=1  per  ct.) 

Heat  pro- 
duced in  lbs. 

of  water 
raised  lO^F. 

Cannel  Gas 

3-30 

16-60 

2-01 

217-50 

195-0 

Common  Gas    . . 

6-45 

27-25 

3-21 

348-25 

278-6 

Sperm  Oil 

4-75 

23-75 

3-33 

356-75 

233-6 

Benzole 

4-46 

22-30 

3-64 

376-30 

232-6 

Paraffin 

6-81 

34-05 

4-60 

484-05 

361-9 

Camphine 

6-65 

33-25 

4-77 

510-25 

325-1 

Sperm  Candles  . . 
Wax        „        .. 

7-57 

37-85 

5-77 

614-85 

351-7 

8-41 

42-05 

5-90 

632-25 

383-1 

Stearic    „ 

8-82 

44-10 

6-26 

669-10 

aivi 

Tallow    „         ..         .. 

1200      1 

eO'OO     j 

8-73 

933-00 

I     b05-4 
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It  would  thus  appear  that,  of  the  substances  named,  cannel  gas 
vitiates  air  the  least,  and  tallow  candles  the  most,  and  that  the  order 
of  their  vitiating  effect,  is  also  very  nearly  the  order  of  their  heating 
effects. 

Begnault  has  shown  that  the  same  heat  which  will  raise  1  lb.  of 
water  1^  F.,  will  raise  49  cubic  feet  of  air  (=  3-6  lbs.)  1°  F. ;  or, 
again,  that  the  heat  that  will  raise  1  cubic  foot  of  water  (=62*23  IbB.) 
1^  R,  will  raise  3,054  cubic  feet  of  air  (=  233-71  lbs.)  to  the  same 
extent. 

(/3.)  Use  of  oxygen  as  an  oxidizing  body, — Endless  illustrations  of  this 
•  action  might  be  given. 

(y.)  Use  of  oxygen  in  medicine. — "  Searle's  oxygenated  water,"  and 
"  Gardner's  peroxide  of  hydrogen,"  have  been  used  in  medicine,  but 
their  efficacy  is  doubtful. 

Lastly,  we  note  that  the  regular  supply  of  oxygen  in  the  air  is 
maintained  by  plant-life,  the  carbon  being  retained  by  the  plant,  and 
the  oxygen  evolved  for  the  animal.     Thus — 

12C0g  +   llHfiO  =  C.^HeAi  +   120g. 

Sugar. 
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CHAPTER  IV. 
THE  HALOGENS  OE  HALOID  ELEMENTS. 

FLroRiNB.  Chlorine  :  Compounds  of  Chlorine  and  Oxygen — HypocUoroui  anhy- 
dride— Hypochlorous  acid— Chlorous  anhydride — Chlorous  acid^Chloric  per- 
oxide—Chloric acid — Perchloric  acid.  Bromixb  :  Compounds  of  Bromine  with 
Oxygen  and  Chlorine.  Iodine  :  Compounds  of  Iodine  and  Oxygen — Iodic  acid 
— Periodic  acid — Compounds  of  Iodine  and  Chlorine  —  Generalization  on  the 
Halogens. 

FLUOBINE  (F  =  19). 

Atomic  weight,  19.  Atomicity  monad  (')  (aa  in  HE).  Relative  weight 
(H=l)19.  Specijic  gravity  (ilir=l),  {theoretical  0-0693  x  19) 
1-3186.  1  litre  weighs  19  critha  (0-0896  x  19)  =  1'7024  grms. 
100  cubic  inches  weigh  {estimated)  40-87  grains. 

Synonjnns. — Fluoric  radical  (Berzelius) ;  Fluoricum  ;  Fluorine  (Sir 
H.  Davy,  from  Fluor  Spar). 

History. — Davy  in  1808  suspected  hydrofluoric  acid  to  be  a  com- 
pound of  oxygen  with  a  combustible  base.  In  1812  and  1813  he 
obtained  by  the  electrolysis  of  the  acid,  hydrogen  at  the  negative  pole, 
and  free  fluorine  at  the  positive  pole.  He  was  unable,  however,  to 
collect  the  fluorine,  owing  to  its  intense  action  on  the  vessels  used  in 
the  experiment.  The  Messrs.  Knox,  of  Dublin,  in  1836,  and  Davy, 
in  1 840,  obtained  fluorine  by  electrolysing  hydrofluoric  acid  in  fluor 
spar  bottles.  In  1858  Phipson  is  also  stated  to  have  obtained  it,  by 
heating  hydrofluoric  with  nitric  acid.  It  has  been  examined  at 
different  times  by  Fremy,  Baudrimont,  Kammerer,  and  by  other 
chemists. 

Natural  History. — It  is  never  found  in  nature  in  a  free  state, 
(a.)  In  the  mineral  kingdom  it  is  tolerably  abundant,  both  as  fluor  or 
Derbyshire  spar  (CaFg),  and  as  cryolite  (6NaF,AlaF5).  It  exists  also 
as  a  fluoride  of  cerium,  and  is  found  in  certain  minerals,  such  as 
wavellite,  mica,  fluor,  apatite,  topaz,  etc.  It  is  also  present  in  sea 
and  in  many  mineral  waters.  (/3.)  In  the  vegetable  kingdom  it  occurs 
in  numerous  plants,  and  particularly  in  the  siliceous  stems  of  grasses, 
(y.)  In  the  animal  kingdom  it  is  found  in  the  teeth,  bones,  milk,  blood, 
urine,  etc.  Bone  contains  about  2  per  cent,  of  fluoride  of  calcium 
(CaF,). 

Preparation. — l.  By  the  electrolysis  of  hydrofluoric  acid  m  ftuox 
spar  vessels.    (Davy  and  the  Messrs.  Knox.) 


m 
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2.  By  the  action  of  sulphuric  acid  on  a  mixture  of  peroxi' 
maug^anese  and  fluor  spar, 


JHP 


+  2H^0  H-  Pg. 
-f  Wiitor  +FltmnQfl 


icallj^l 
iodia^l 


SH^SO^    +    MuOe  +  CaF«  ^  MuSO^  +  CaSO^ 

Bulphiuic    +  Mangftnic  4-  Cakic  ^  Mangnnio   -h    Calcic 
arid  peroxide        flHoride        aulpbot©        eulphaw 

[2S0.Ho,+  MnO,  +  CaF,  ^SO^Mno"  +SO,Cao''+  20K, -f 

3.  By  electrolysing  fused  potassic  fluoride.  (Fremy*) 

4.  By  iioating  for  24  houre,  at  HO'^F*  (77°  C),  in  an  hermeticaUj 
eealed  tube  in  which  the  air  has  been  preTiousIy  displaced  by  iodia^ 
vapor,  a  mixture  of  iodine  with  an  excess  of  argentic  fluoride, 
iodide  of  silver  and  a  liuoride  of  iodine  (IF^)  being  formed.     (Kam- 
merer,) 

Properties, — («-)  Semihle,  A  gas  said  to  have  a  yellow  ooloi;^| 
like  chlorine,  but  that  produced  by  Kammerer's  process  is  colorless.^' 
Its  odor  is  very  powerful, 

(/?*)  Phf/sioiogica I. --ItB  action  on  the  animal  body  is  very  deleterious 
and  irritating. 

(y.)  Phtj6kaL—li  haa  an  estimated  specific  gravity  of  1-3186; 
100  cubic  inches  should  weigh,  therefore,  40  87  grains,  and  a  litre 
1*7024  grms, 

(^.)  ChmiiaiL — It  combines  with  every  known  element,  except  oxy- 
gen. Its  action  on  all  bodies,  especially  on  silicon  (glass),  and  on  the 
metals,  is  intensely  energetic.  The  difficulty  of  collecting  it  is  so 
great,  that  an  accurate  study  of  its  properties  is  rendered  almost  im- 
possible. It  is  said  to  be  absorbed  by  caustic  potash,  potassic  fluoride 
and  hydric  peroxide  being  formed  (2KH0  +  F^  =  2KF  +  HA)- 
It  has  no  special  uses. 


CHLORINE  (a  =  35  5). 

Atomic  weighty  35^5.     Molecular  weight,  7L     IMendar  mlume^  j    \ 
Atomiriftf  vwmd  (')  (HCl).     Relative  weight  (H  =  l)  35"5.     Sp^rific 
gravity  {Air  =  1)  observed,  2^47;  theoretic  (0'0693  x  35*5),  2-46Q 
1  Utr€  weigh  35*5  iTiths  {0^m96 grm.  X  35-5)  =  3*1808  gmuf.     I 
cubic  tncheif  at  60°  Fak  and  30  £,P.f  weigh  76*3  graim. 
Synonyms*  —  IhpkhgiKticatid   marine  arid   (Scheele) ;    oxygenaiti 
munatic  aeid   (BerthoUet) ;  oxtf  muriatic  add  (lurwan  and  Pearaon); 
muriaticitm,    or  muriatic  radical j    (Berzelius) ;    Chlorine  (Davy,    firom 
xXwpi/c,  green). 

History, — Discovered  by  Scheele  (1774)  when  acting  on  peroxide 
of  manganese  (pyrolusite)  with  hydrochloric  acid.  It  was  further  ex- 
amined by  BerthoUet  (1785),  and  named  by  him  '*  oxygenated  muri- 
atic acid,*'  because,  when  placed  in  sunlight,  he  found  that  the  motBt 
gas  split  up,  aa  he  supposed,  into  oxygen  and  muriatic  acid.  Th^oard 
(1809)  showed,  however,  that  it  was  impossible  to  effect  this  de- 
composition  with  rfry  chlorine,  whilst  Davy  (1810)  further  proved  its 
element arjr  nature. 
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Natural  History- — It  is  never  found  free  in  nature,  (a.)  In  the 
mineral  Hngdoniy  it  occurs  in  combination  with  sodium  and  with  other 
metals,  in  salt  mines,  in  sea  water,  and  in  various  horn-minerals,  such 
as  the  chlorides  of  lead,  silver,  mercury,  etc.  In  volcanic  districts  it 
is  found  combined  with  hydrogen.  (/3.)  In  tlie  vegetable  kingdom^  it  is 
not  an  abundant  element ;  but  in  (y)  the  animal  kingdom^  it  is  found  in 
all  secretions.  Its  absence  in  the  urine  in  pneumonia,  constitutes  a 
peculiarity  of  that  disease. 

PreparatioiL — The  first  process  described  is  the  common  labora- 
tory process,  and  the  process  of  the  B.  P.  for  the  preparation  of  liq. 
chlori.  The  first  three  are  trade  processes,  the  second  being  that 
commonly  used  in  the  manufacture  of  chloride  of  lime. 

(1.)  By  heating  a  mixture  of  manganic  peroxide  and  hydrochloric 
acid.  (Scheele.)     The  reaction  takes  place  in  two  stages : — 

MnO.  -f         4Ha        =  MnCl^  +  2HgO. 

[a.)      Manganic  peroxide  +  Hydrochloric  acid=  Manganic  tetrachloride  +  Water. 

[MnOe        +•       4na       =       MnCU  +20HJ 

MnCa4  =  MnClg  +         Cl«. 

(/3.)     Manganic  tetrachloride        ^        Manganous  chloride        +        Chlorine. 

[MnCl^  =  MnCL  +        CL]. 

In  Weldon^s  process,  (which  is  employed  in  dealing  with  the  "still 
Liquors  "  of  bleaching-powder  factories),  the  MnCls  formed  as  above, 
is  decomposed  by  lime : — 

MnCIg  +  CaO  =  MnO  +  CaCIg. 
Ibis  MnO  is  then  mixed  with  more  lime,  and  air  blown  through  the 
mixture,  whereby  the  MnO  is  converted  into  MnO^,  which  may  be 
again  used  for  generating  chlorine  with  hydrochloric  acid. 

It  has  been  suggested  by  Schlosing  to  prepare  chlorine  by  heating 
the  peroxide  of  manganese  with  a  mixture  of  nitric  and  hydrochloric 
2cids.  Chlorine  is  evolved,  whilst  the  manganous  nitrate  formed,  yields, 
(vhen  heated,  MnO^  and  nitric  acid,  which  may  be  again  used  to 
decompose  fresh  hydrochloric  acid. 

(2.)  By  heating  a  mixture  of  sulphuric  acid  with  manganic  per- 
oxide and  common  salt.     In  this  process  the  whole  of  the  chlorine 
present  is  liberated. 
2NaCl  +  MnOo    +  2H28O4  =  Na^SO^  +   MnS04  +  2H,0  +  Cl^. 

Sodic   -f  Manpanic  +  Sulphuric  =     Sodic       -h  Manganic    +  Water  +  Chlo- 
chloride      peroxide  acid  sulphate  sulphate  rine. 

;2NaCl+  MnOo  +2SO,Ho2=SO,NaOo  +  S02Mno''  +  20Il2  +  01«.] 
(3.)   By  passing  air  and  hydrochloric  acid  g^  through  red-hot 

;ubes.  (Oxland.) 

2HC1  +  Air  (0  and  N4)  =  H^O  +  C\  +  N^. 
This  process  has  been  improved  by  Deacon  (**  Joum.  Chem.  Soc.,** 

c,  725),  who  passes  the  mixed  air  and  hydrochloric  acid  gas  over 

ire-bricksy  which  are  first  soaked  in  a  solution  of  cupric  BuLpViale  01  ot 
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cupric  chlori^o,  and  afterwards  dried*    The  cuproue  chloride  fi: 
becomes  cupric  chloride  (a),  which,  by  an  increasod  heat,  gives  up  lU 
chlorine,  and  again  becomes  cuprous  chloride  (j3)»     Thus — 

(a.)    Cu.a,     +    0    +      2nci      ^    2Cua,    +  n^a 

Cuprous  chloride  H-  Oxygen  +  Hydrochloric  odd  ^Cupric  chloride  4-  Wftttr* 

03.)     2CuGl^      =       Cu^dj       +     i.% 

Cupric  chloride  ^^  Cuprous  tbloride  -f  Chlorine. 

It  will  be  remarked  that  in  this  process,  the  chlorine  is  mixed 
with  twice  its  bulk  of  nitrogen,  but  for  trade  purposes  this  admiactitm 
is  of  no  importance* 

(4.)  By  the  action  of  heat  on  hydrochloric  add  and  potassic  bi- 
chromate.    (Rogers*) 

KoQr.p^      +      HHCl      =  2Xa   -h      SCrClj 
Fotusaic        -f  Hydrot'Moric  ^  Potnsaic  4"       Chromiij 


hichromnte 

CrCXKo 


aoid 


chloride 


L  1  n 


+      14HCI      =  2KC1  + 


chloride 

CrCl^ 


-f  Water  -h  Chlonne 


+  70H,.-i-    3CLj. 


1  CrO^^Ko 

(5.)  By  the  electrolyBis  of  hydroohlono  acid. 

2HC1  ^  Hg  +  Clg. 
—  4- 

(6/)  By  fusing  together  ammonic  nitrate  and  amnionic  chlo 
(Maumeno.) 

4NH,jN03        +       2NH4CI  =!2H,0    ^      5N«       + 

Ammonic  nitrut©      +     Ajntnonic  chloride    ^=    Water     -\-     Nitrogen    -h    Chlorili* 

L4N^0,(N-H,0)  +       2NH^C1         =120H,  +     5N.      -f      C\] 

(7.)  By  heating  certain  chlorides,  such  as  the  chlorides  of  platinun 
palladium^  and  gold.    Thus — 

(a. )  PtCU  ^  PtCl.  +  01^.  (/?.)  PtOlo  =  Pt  ^  CI2, 

(8.)  By  heating  a  mixture  of  magnesic  chloride  and  manganic  ] 
oxide.     (Binks  and  Macqueen,) 

2MgCL     ^     MnOg      =     2MgO     +      MnOL,      +        Cl^. 

Ksgneiic    +    Manganio    ^    Miigpesio    -f-    Manganous     +     Chlorine, 
chloride  peroxide  oxide  ebloride 

[2MgCL    +    MnO^    =    2Mg:0    +     MnCl^     +       a^O 

Properties. — («•)    Sensible. — Chlorine    is    a    yellowish-green 
haying  an  insupportable  odor. 

(/?*)  Fhy&iohgical, — It  is  jvoieonous  and  intensely  irritating,  er 
when  largely  diluted  with  air.     A  bird  dies  in  an  atmosphere  eci-^^' 
taining  5  per  cent.     It  rapidly  disorganizes  all  tissues. 
,    (y.)  PhysicaL — It  has  an  experimental  specific  grayity  of  2'46,  *►" 
a  theoretical  specific  grayity  of  2'46.     100   cubic  inchosi  at  standf^^^ 
"temperature,  weigh  76*3  grains,  and  1  litre  3*1808  grms.   It  is  on^ 
the  he&viest  bodies  known,  gaseous  at  ordinary  temperature. 
A  pressure  of  4  afmospherea  (=60  1\>b.  oh  ftt^\««  m-^^*^  oo^^^site 
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into  a  yellowish  green  liquid,  which  has  a  specific  gravity  of  1-33.  It 
has  never  been  solidified,  but  remains  liquid  at  a  cold  of  —220°  F. 
( — 140°  C).  Liquid  chlorine  may  be  prepared  either  by  heating 
crystals  of  the  hydrate  (CIj.lOHgO),  or  of  platinic  chloride  (PtCl4) 
placed  in  one  end  of  a  sealed  tube,  whilst  the  other  end  is  immersed 
in  ice  and  salt. 

If  the  spectrum  be  passed  through  chlorine,  it  will  be  found  that 
the  blue  end  is  cut  off  and  Eraunhofer's  lines  disturbed.  Chlorine 
does  not  conduct  electricity ;  it  is  an  electro-negative  body,  and  passes 
to  the  +  pole  of  the  battery  after  oxygen  and  fiuorine. 

Solubility  in  water. — The  solubility  of  chlorine  in  water  is  as 
foDows : — 

At  50°  F.  (10°  C.)  water  absorbs  2-585  times  its  bulk  of  the  gas. 
At  59°  F.  (15°  C.)         „         „      2-368         „ 
At  104°  F.  (40°  C.)       „         „       1-365         „  „ 

(Schonfeld.) 

(^.)  Chemical. — Chlorine  combines  with  eveiy  elementary  body. 
The  moist,  but  not  the  dry,  gas  bleaches  litmus  and  turmeric.  It  is 
neither  combustible,  nor  a  supporter  of  combustion,  but  when  largely 
diluted  with  air,  it  supports  the  combustion  of  a  vigorously-burning 
taper,  the  chlorine  combining  with  the  hydrogen  of  the  hydro- carbon, 
and  setting  free  the  carbon. 

Action  on  the  non-metals, — Phosphorus  catches  fire  in  chlorine 
spontaneously,  forming  PCI3.  Sulphur  burns  in  it  feebly.  Selenium, 
boron,  and  silicon  combine  with  it  when  heated.  It  does  not  combine 
directly  either  with  carbon  or  with  oxygen. 

Combinations  with  hydrogen.  —  Chlorine  has  a  very  strong  affinity 
for  hydrogen.  Its  oxidizing  property  depends  upon  this  affinity  for 
the  hydrogen  of  water,  oxygen  being  thereby  liberated.  A  mixture 
of  equal  volumes  of  hydrogen  and  chlorine,  combine  with  explosion 
either  by  a  spark,  or  when  exposed  to  direct  sunlight  or  to  any  other 
light,  such  as  the  electric  or  magnesium  lights,  containing  a  good 
supply  of  actinic  rays ;  whilst  the  gases  unite  quietly  when  exposed  to 
the  light  of  a  gas-flame  or  of  diffused  daylight,  hydrochloric  acid  in 
each  case  being  formed. 

Action  on  hydrogenous  compounds.  —  The  following  reactions  of 
chlorine  on  compounds  of  hydrogen  should  be  noted : — 

(1.)  A  taper  bums  in  dilute  chlorine  with  a  smoky  flame,  the 
chlorine  combining  with  the  hydrogen  and  liberating  the  carbon.  If 
a  jet  of  chlorine  be  allowed  to  play  on  the  flame  of  a  spirit  lamp,  it 
becomes  luminous,  from  the  solid  carbon  particles  being  set  free.  (2.) 
Turpentine  vapor  (OjoHig)  catches  fire  in  chlorine,  carbon  in  large 
quantity  being  disengaged  (CioHi6-|-8Cl2=16Ha-|-Cio).  (3.)  If  a 
mixture  of  chlorine  and  olefiant  gas  (C^H^)  be  fired,  carbon  is  set 
free  (C2H4+Cl4=4HCl-i-C«).  (4.)  A  mixture  of  chlorine  and  matftb. 
gas  (CH4)  under  the  influence  of  sun-L'ght  forms  chlorofoiixi  ^CjB£\^ 
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and  tetrachloride  of  carbon  (COl^).     (5.)  AnunoQia  solution  is  decom- 
posed by  chlorine,  nitrogen  being  liberated — 

8NH3  +  3Cl2=6(KH^Cl)  -hNg,  ^ 

By  its  action  on  a  solution  of  amraonic  chloride,  chlorine  formB  th^^ 
highly  explosive  body,  chloridii  of  nitrogen.  (6.)  Water  is  deoom- 
pused  by  chlorine,  BerthoUot  originally  supposed  chlorine  to  be 
a  compound  of  oxygen  and  hydrochloric  acid,  his  experiments  bein^ 
conducted  on  moint  chlorine,  whereas  it  was  proved  by  Davy,  that  the 
chlorine  decomposed  the  water,  fixing  the  hydrogen  (as  HCI)  and 
Betting  free  the  oxygen.  Thus,  oxygen  may  be  obtained  by  passing 
steara  and  chlorine  through  a  red-hot  tube  (see  page  57  F.). 

Alt  ion  on  organic  bodies, — The   enormous   affinity  of  chlorine 
hydrogen  renders  its  action  on  organic  bodies  very  powerful     Thei 
actions  may  be  thus  claesified-^ 

(L)  The  chlon'ne  may  be  simpff/  added  to  tJie  h^drogm  compound.  Th 
CgH4  {ctheiie  or  olefiant  gas)'\-(jL^^C^^^Q\^  {ethfne  chloridn) 

(2)4  portion  of  the  hjdr^gen  mat/  be  displaced,  but  without  the  sutstii 
of  ch  to  fine  for  it.     Thus — 

C^HfiO  (a/r<?AoO+Ol2:^CgH40  (a/J%£/) -f- 2HC1- 

(3,)  A  pari  or  all  the  hf/drogenn  of  a    compound   maij    be   dif^pti 
chlorine  being  mhstitutM  for  them. — This  is  seen  in  the  following 

(a»)  The  action  of  chlorine  on  jnarsh  gas  (CII4). 

CH^-f  CI  =CH3C1  {methi/l-chloride)  H-HCl. 
CH^+Gl.=CHoCl2  (JhrmifUichloriik)  +2Ha 
CH4+Cl5=CHbl3  (vhlm^form)  4-3HCU 
CH4-hC!4=CCl4  {teirachioride  of  cation)  +4HC1. 

(/3.)  The  action  of  chlorine  on  acetic  acid  {CnR^O^), 

CM^O^-hd^OoBJ^Oo  {7nonochloraceti€  acid)  -f  HCL 
^^  Conji)^^Ch=6^U.J0l}x  {Mchhracetic  acid)  -h2HCL 

^"  C2H4(>5H-Cl3=aHCl302  {tnMoracetic  acid)  +SHCL 

(4.)  Tltis  substitution  may  be  only  partiaL—T)i\mj  in  the  action  of 
chlorine  on  alcohol,  5  hydrogens  are  replaced  by  3  chlorines. 

CoHeO + 8Ci=aci,H0 + aHCi. 

Alcohol. 
It  will  be  noted  that  this  affinity  of  chlorine  for  hydrogen  on  tha 
one  hand,  and  the  universal  presence  of  moisture  in  bodies  on  the 
other,  renders  chlorine  indirectly  a  very  powerful  oxidizing  agent 
Thus— 

2HsO  +  2CI2=4B:C1 + O4, 

We  may  here  note  some  of  the  results  of  this  oxidizing  action  of 
chlorine » 

(1,)   Various  chemical  combinations  may  be  effected  thireby,  as  in  the 

fonnation  of  acetic  acid  from  aidehyi  ' 

C^H^O  (aldehyd)  4-  U^Q  +  Clg=CgH40g  (acetic  acid)  -f-  2na.     ^ 
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I  (t.)  Itt  hJeachinff  pmcer,  depends  on  the  action  of  the  nascent  oxygen 

1  set  free,  by  the  chlorine  combining  with  the  hydrogen  of  the  water. 
^■A-bsioluti^y  dry  chlorine  had  no  bleaching  action,  but  in  the  presence 
^pf  moisture  every  organic  coloring  matter,  except  carbon^  ia  bleached 
^Pby  it.     Mineral  colors  are  not  generally  acted  upon.     In  the  case  of  ' 

indigo,  which  chlorine  bleaches  rapidly,  it  changes  it  first  into  iaatin, 
^—And  afterwards  into  the  yellow- tinted  ehlor-isatine.  The  following 
^nq nations  represent  tliia  action — 

H       (a.)  Q^n^O  {indigo)-^nX>^i^^=Q^U^O^{imtine)   H-2HCL 
^        {(I)  C8H3NOe{iMftJw)4-Cl2=QH^CiN02(rA/or-wa/iW)  -f   HCl. 

Further,  a  coloring  matter  bleached  by  chlorine  is  destroyed,  and 
j^kannot^  as  in  bleaching  by  sulphurous  acid,  be  restored  by  the  aotion 
^fttf  other  re-agents. 

(3,)  Its  power  of  dwnfttti<m^  again,   is  an  oxidizing  action,  and 

depends  upon  its  power  of  breaking  up  ammonia  and  sulphuretted 

hydrogen,  as  well  as  organic  matters  generally. 

Thus  it  would  appear  that  the  chemical  activity  of  chlorine,  depends 

on  its  affinity  for  hydrogen,  and  its  power  of  oxidation,  the  result  of 

that  affinity. 

Action  on  the  metah  and  metaUk  orides,  etc. — (a.)  Its  action  on  the 
^^ metals  is  energetic.     Powdered  antimony,  arsenicura,  finely  divided    ' 
^Hron,  and  Dutch  leaf  (copper  and  zinc),   light  spontaneously  when 
^Bftropped  into  cblurine.     Sodium  and  magnesium  burn  in  it,  forming 
^NaOl  and  MgCU.      Gold  (as  leaf   gold)   combines   slowly   with   it, 

forming  AuCl^. 

(j3.)  Metallic  oxides,  where  the  affinity  between  the  oxygen  and 

the  metal  is  feeble,  are  easily  decomposed  by  chlorine.     Thus — 

HjiO-h3HgO  (mercuric  oxkh)  -h2Ci2=2HgO,HgCl2  {rmrcuric  oxy-        . 
I  ckton'de)  -f  2HC10. 

^P    (y.)  Chlorine  is  absorbed  by  a  solution  of  caustic  potash,  potassic 

cliloride  and  potassic  hypochlorite  being  formed. 

(Cl>+  2KE0^KCl-f  KOlO  +  H^O. 
I  If  an  aqueous  solution  of  chlorine  be  cooled  to  32*=*  F,  (0°  C).  a 
^lid  crystalline  hydrate  (ClglOH^O)  is  formed.  This  hydrate  may  be 
aeen  when  chlorine  is  collected  by  displacement  over  very  cold  water 
on  a  cold  day.  The  gas  is  thus  rendered  foggy,  but  clears  rapidly  on 
the  application  of  a  moderate  warmth. 
.  Tests*^!*^  odor,  color,  and  bleaching  properties  constitute  the  chief 

Hiests  for  chlorine  in  an  uncombinod  state.  When  firee,  or  combined 
^•with  a  metal,  it  may  be  known  as  follows  :— 

(1.)  Mercurous  nitrate  gives  a  while  precipitate  (mercurous  chloride 
or  calomel),  which  is  insoluble  in  nitric  acid,  and  is  turned  black  by 
^iRmmonia. 

^■(3.)  Argentic  nitrate  gives  a  white  curdy  precipitate  (AgOl),  soluble 
^in  ammonia,  and  insoluble  in  nitric  avid.   Free  chlorine  prodiic<iB|  ^\V\i 
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•is  as  mI 


an  argentic  nitrate  solution,  a  trace  of  argentic  chloral? 
argentic  clilonVilf . 

GA^NOj  +  301^  +  3H,0  =  oAgOl  +  AgClOj  +  6HNO3. 

Faliades. — Bromides^  iodides,  and  cj^anides,  (1.)  The  bwmw 
silver  18  of  a  reddish  color,  (2,)  An  it/dtde  is  known  by  its  reac 
on  starch  paste,  when  the  iodine  is  set  free  hy  the  addition  of  a  I 
of  chlorine  water,  or  else  by  the  reaction  of  the  iodide  on  pall 
nitrate.  (3.)  A  CT/anide  is  known  by  the  formation  of  prusaian  I 
when  acted  on  by  a  mixed  per-  and  protosalt  of  iron. 

EstimatioiL — Chlorine  is  determined  quantitatively  as  arg( 
chk^ride,  every  100  parts  of  which  contain  24-74  parts  of  chlorine. 

Uses. — {«•)  In  nature  J  none. 

(b,)  In  the  arts  J  chlorine  is  largely  used  as  a  bleaching  agmi 
linen  and  cotton  cloth.  Wool  or  silk  cannot  be  bleached  with  0 
rine,  on  account  of  its  injurious  action  on  the  fabriL's,  hence  in  H 
cases  sulphurous  acid  is  employed.  The  use  of  chlorine  as  apj 
able  to  the  arts  was  first  suggested  by  BerthoUet,  in  1785,  Chlo 
of  lime,  as  it  is  calledt  is  the  form  in  which  it  is  ordinarily  emplo, 
Any  acid  will  liberate  the  chlorine  from  this  compound. 

(<?.)  In  medicine,  the  dilute  gas  is  used  as  an  inhalation  (vapor  ch 
B.P.),  i.f.  moist  chlorinated  lime  from  which  the  carbonic  acid  of 
air  sets  free  a  little  chlorine.  The  solution  of  chlorine  (liquor  ch 
B.P.),  rapidly  decomposes,  and  should  bo  preserved  in  dark 
bottles.  When  freshly  prepared,  it  contains  more  than  twice  ( 
its  bulk  of  chlorine,  and  about  0-75  per  cent,  by  weight. 

(d,)  As  a  dimif(€tant  its  action  is  very  intense,  owing  to  its  pc 
of  breaking  up  offensive  effluvia.  If  chloride  of  lime  be  used  for 
eiek  room,  a  quarter  of  a  pound  should  be  dissolved  in  about  a  gc 
of  water ;  a  piece  of  flannel  dipped  in  the  clmr  liquoi;_8hould  the; 
freely  exposed  to  the  air  of  the  room,  from  which,  by  the  actio 
atmospheric  carbonic  acid,  a  snsall  but  regular  evolution  of  chlo 
will  take  place.  For  active  disinfection,  some  hydrochloric  acid 
peroxide  of  manganese  should  be  mixed  on  a  plate,  and  placed 
hot  brick ;  the  room  mnat  then  be  closed,  and  left  for  some  hi 
Everything  metallic  should  be  previously  removed  from  the  room 

(f,)  In  its  chemical  reactions  chlorine  acts  in  the  presence  0^ 
as  a  powerful  oxidizer,  protoxides  being  by  its  action  conver 
peroxides,  sulphur  into  sulphuric  acid,  etc. 


CoMPOtJKBS   OF  ChJLOHINB   XSI>   OxYOEN. 

Clilorine  and  oxygen  are  both  strongly  electro-negative,  and  1 
great  affinity  for  hydrogen.  Honce  their  afhuity  for  each  oth^ 
but  slight.  The  compounds  when  formml  are  unstable,  and  ( 
direct  union  has  not  been  effected.  Possibly  there  are  seven  oxiA 
chlorine,  as  folio H's : — 
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The  Anhydride 

-h  H,0  forms  the 

Acid. 

Constitutional 
formula  for  the  Acids. 

1. 

2. 
3. 

Cl^O  or  OCV 

OCl. 
CljO,  or  \  0. 
OCl. 

/OCl. 

Hypochlorous. 
Chlorous. 

2HC10. 
2HCA. 

OCIH  or      ClHo. 
jg^^     or     OClHo. 

4. 

CIA  or    g- 

Chloric  peroxide. 

6. 
6. 

I  OCL 

CIA     (?). 

C1,0,      (?). 

Chloric. 

2nci03. 

/OCl 

7. 

CIA    (?). 

Perchloric. 

2HC10,. 

8  0' !  r 

I  OH-         (     OHo. 

Nos.  I,  3  and  4  (viz.,  ClgO,  CIA  ^^^  CIA)  *r®  *^®  ^^^J  anhy- 
drides that  have  been  isolated.  The  others  are  either  non-existent  or 
exist  only  in  combination. 

There  are  four  oxygen  acids  which  have  been  regarded  for  obvious 
reasoAS  as  a  series  of  oxides  of  hydrochloric  acid. 


Hypochlorous  Anhydride  (CloO  =  87)  (OCln.) 

Molecular  weighty  87.  Molecular  volume y  \  !  |  .  Relative  weight 
(H  =  1),  43-5.  Specifie  gravity  (Air  =  1)  theoretiCy  3*01.  Liquid 
boils  at  68°  F.  (20°  C).  1  litre  weighs  43-5  criths  (00896  x  43-5) 
=  3*8976  grms,y  and  100  cubic  inches  93*0  grains. 

Preparation.-^  l  •  By  passing  dry  chlorine  over  dry  mercuric  oxide 
contained  in  a  cold  tube.  (Pelouze.) 

2HgO       -f-    2Cle     =         Hg^CLG  +  CLO. 

31ercuric  oidde  +  Chlorine  =  Mercuric  oxychloride  -f  Hypochlorous  anhydride. 

r2HgO     +    2CI2    =      <0                  +  OClo.      1 

L                                       (.HgCl  "      -I 

2.  By  abstracting  the  water  from  hypochlorous  acid,  with  glacial , 
phosphoric  acid. 

2HC10         —  H„0  =  ClgO. 

Hypochlorous  acid  —  "Water  ^  n3rpochlorous  anhydride. 

3.  It  is  believed  by  some  to  be  produced  in  making  the  euchlorine 
of  Davy,  on  adding  hydrochloric  acid  to  potassic  chlorate,  but  of  this 
there  is  much  doubt. 

Properties* — (a.)  Sensible  and  Physiological. — A  deep  yellow  gas, 
deeper  in  color  than  chlorine.  It  has  a  sweet  taste,  and  is  iutensol^ 
suffocating  when  breathed. 
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(/3.)  PhysicnL  ^Ita  specific  gravity  ia  3-01.  Two  volumes  of  chlome 
and  one  volume  of  oxygen  form  two  volumes  of  the  gaa  (water  type). 
100  cubic  inches  weigh  93  grains,  and  1  litre  3*897  grammes.  By 
pressure  and  by  the  cold  of  ice  and  salt  (  — 4^^  F,  or  —20^  0.),  it  may 
be  condensed  into  a  red  and  explosive  liquid,  which  boils  at  68^  F. 
(20°  C)  Both  light,  and  a  very  slight  heat,  such  aa  the  warmth  of 
the  hand,  der^ompoBe  it.  Water  dissolves  about  200  times  its  bulk, 
forming  a  yellow  solution,  which  has  an  acrid  taste, 

(y.)  CfmmcaL — It  bleaches  litmus  aad  indigo  more  powerfully  than 
chlorine*  It  is  decomposed  by  a  spark,  or  by  the  action  of  any  sub- 
stance having  an  affinity  for  chlorine  or  for  oxygen* 


I 

i  anhy« 

d 

;h  a 
,cid, 
Btil- 
ida* 

I 


HypocliloroES  Acid,  (HCIO  =  52'5)  (OCin  or  aHo.) 
Synonym,- — Il}/<tri€  hjpoMojnte. 

Preparatioil. — (l-)  ^y  ^"^^  action  of  water  on  hypochloroas  anhy- 
dride,  "" 

OLO  +    H,p=        2HC10. 

Hypochlorou9  Anhydride  +  Water  =s  Hyi>ochlorous  acid. 

[OCL  +    0H.=        20C1H,J 

(2,)  By  passing  air,  charged  wnth  hydrochloric  acid  gaa,  through  a 
solution  of  potossic  permanganate,  acidulated  with  sulphuric  acid, 
and  heated  on  a  water  bath.  The  product  is  to  be  collected  by  distil- 
lation. In  this  reaction  HCIO  is  foimed  from  HOI,  by  direct  oxida* 
tion  (2na  +  On  =  2HC10)- 

{3.)  By  mixing  together  mercuric  oxide,  water,  and  chlorine, 
distilling. 

3HgO    +  H^o  +  201.  =   2ngO,  HgCL  +     2nao. 

Mercuric  oxide  +  Wuter  +  CLlorine  =  Mereiirio  oxythlorido  -f  Hypochlorous  aci4 

[3HgO  +  OHo  +    201^=^  J  Hg  ^      2ClHo.] 

I  HgCl 
(4.)  By  distilling  a  hypochlorite  with  an  oxy-acid. 

CaClA        +       H.SO^     =      CaSO,       +       2HC10. 

Calcic  hypochlorite  -f  Sulphuric  acid  ^^  Calciis  a\ilphat«  +  Hypchlorou*  add« 
[Ca(OCl)Cl     +     SO.Ho.     =     SO.Cao"    +        2ClHoO 

Properties. — (a*)     Sensible.  —  A  yellowish-red,   chlorine- sniei 
liquid,  having  an  acrid  but  not  a  sour  taste, 

(/3,)  Phymlogkal — It  acts  as  an  intense  irritant  poison,  and  bro' 
the  skin. 

(y,)  Fhi/siraL—It  boOs  at   lO^F.  (—  7°  C),  giving  olF  a  hea^ 
yellow  vapor*     It  is  decomposed  by  light,  into  chlorine  and  ehlo: 
acid. 

(5.)  Chemical. — The  gas  given  off  when  the  acid  is  heated^  is  vi 
unstahle  and  highly  explosive.    The  acid  has  a  powerful  bL 
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tion ;  its  intensity  in  this  respect  being  double  that  of  the  dilorine  it 
ntains,  evolving  as  it  does  double  the  oxygen  (which  in  the  nascent 
ite  is  the  true  bleaching  agent)  set  free  by  ordinary  chlorine. 

lUS — 

(a.)  Clg  +  OHj  =  2HC1  +  0  (action  of  common  chlorine). 

(/3.)  CIHO  =     HCa  +  0  (action  of  hypochlorous  acid). 

It  is  decomposed  by  carbon,  iodine,  sulphur,  selenium,  phospho- 

s,  arsenic,  and  antimony ;  carbonic,  iodic,  sulphuric,  selenic,  phos- 

Loric,  arsenic,  and  antimonic  acids  being  respectively  formed. 

If  a  piece  of  ammonic  chloride  be  placed  in  the  acid,  the  oily  and 

ghly  explosive  chloride  of  nitrogen  is  formed. 

If  the  acid  or  any  of  its  salts  be  heated  with  hydrochloric  acid, 

>th  acids  are  decomposed. 

HCl  +  HCIO  =  H2O  +  Clg. 

Action  on  the  metals. — ^This  varies  in  a  remarkable  manner.     Iron 

mbines  with  the  oxygen  of  the  acid,  and  sets  free  chlorine.     Silver 

mbines  with  the  chlorine  of  the  acid,  and  sets  free  oxygen.     Copper 

id  mercury  combine  with  both  the  chlorine  and  the  oxygen. 

Action  on  metallic  compounds, — Plumbic  oxide  combines  with  the 

:ygen,  forming  PbO^,  and  sets  free  chlorine.  Argentic  oxide  (AggO) 

mbines  with  the  chlorine,  forming  Ag^Clg,  and  sets  free  oxygen. 

rgentic  chloride,  by  its  presence  alone,  and  without  being  itself 

(Composed,  sets  free  both  oxygen  and  chlorine,  in  a  gaseous  form, 

om.  the  acid. 

On  several  organic  bodies  the  acid  acts  vigorously.     Thus,  urea  is 

oken  up  by  its  action. 

CN.H4O  +  3HC10  =  CO2  +  3HC1  +  2H2O  +  N2. 
Urea. 

It  forms  with  bases  the  salts  known  as  hypochlorites,  which  are 

gi-eat  importance  in  the  arts.     "  Chloride  of  lime  "  is  prepared  by 

inging    chlorine   into  ^'contact   with   recently- slaked  lime,  and  is 

ther  a  calcic  chloride  mixed  with  calcic  hypochlorite^ 

(CaCLj  +  Ca2C10),  or  (Ga^Clg  +  Cao^a^), 

Calcic  Calcic 

chloride.         hypochlorite. 

,  as  some  think,  a  calcic  oxydichloride,  or,  as  it  is  called,  a  calcic- 

loro-hypochlorite  (Ca(OCl)Cl)  or  (CaOCl^). 


Chlorous  Anhydride  (01 A  =119). 


io 


OCl 

0 

OCl. 


'ole<:ular  weight,  119.  Molecular  volume  {anomalous)  j~| "]  j .  Relative 
weight  (H  =  1),  59-5.  Specific  gravity,  theoretic,  4*117 ;  observed, 
4-070.  1  Wr«u;«^/i«  39-7  cn<A8  (00896x39-7)  =  3-6571  grmt.^ 
and  100  cubic  inches  126-57  ffri. 
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History. — I)i«covered  by  Milloa  (1842). 
Preparation. — l*  By  deoxidizing  cUoric  acid  with  aitrous  anJ 
dride* 


2HC10,   -h        N2O3 


-         C],0, 


+   21IN0, 


Chloric  Ticid  -f  Nitrous  auhydrtde  ==  Chlorous  iinhydride  H-  Nitric  acid, 

tool 


[1 


OCl 
OHo 


N/), 


+  NO,Ho. 


2,  By  heating  a  mixture  of  potassic  chlorate,  arfienious  acid,  an 
nitric  acid.  The  nitrona  a*  id  (formed  by  the  araenious  acid  hecomiag 
oxidized  at  the  expense  of  the  oxygen  of  the  nitric5  acid)  acting  on  the 
vhtork  add  (produced  by  the  aotion  of  the  nitric  acid  on  the  potassic 
chlorate)  deoxidizes  it,  and  becomes  again  converted  into  nitric  acid. 

H^jAsOj  H-2HN0,+2KC103=  H.AaO^  -h2KN0^-h  H^.O.  -f-   CIA- 

Araenioiia  +     Nitric    +  rotiissic  ^   Araeaic    -f  Potassio  +  Water  +  Ctlonmi 

acid  acid  ehloratd  acid  nitmte  ftiihydnde. 

OCl. 


A8no3+NO,Ho+2[gg^. 


.AsOno,H-2NOoXo+  OH.  + 


0. 
OCL 

(Tartaric  acid  may  be  used  in  the  place  of  arsenious  acid,  when 
carbonic  acid  will  be  generated.) 

Properties* — It  is  a  yellowish   green   gas,  very  irritating  wt|^| 
breathed,  and  stains  the  ski  a  yellow.     It  may  bo  condensed  by  flF 
intense  cold  into  a  red  liquid  (Sp,   Gr.    1^33),  which  is  very  ujistable 
and  exploflive,  and  boils  at  a  temperature  a  little  above  the  meltiog 
point  of  ice.     Water  dissolves  ten  times  its  bulk  of  the  gas,  for 
chlorous  acid. 

It  is  a  powerful  oxidizing  and  bleaching  agent  A  heat  of 
F,  (57  C)  decomposes  it  into  its  constituent  gases.  Most  of  the 
non-metals  decompose  it.  The  metals  have  but  little  action  upon  it, 
except  arsonicum,  which  decomposes  it»  and  mercury  which  abs 
it.  The  sohitiofi  of  the  gas,  however,  oxidizes  moat  metals,  formio 
mixed  chlorate  and  chloride. 


}f  13^ 


Chlorous  Acid  (noiO^j  =  68*5).  (OClHo.) 
Preparation, — By  acting  on  chlorous  anhydride  with  water, 
01,0^        +  H,0  =    2Hao.. 

Chlorous  anhydride  +  Wjiter  ^  Chlorous  acid* 

(OCl 

(.oci 


+  ou,. 


iOClHo. 


Properties. — The  acid  J8  unstable.     It  is  decomposed  even  ty  ( 
boaJc  itnbydndo.     It  is  a  powerful  oxidizing  and  bleatthing  Rg 
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and  acts  on  all  metals,  forming  clilorates  and  chlorides.  It  is  pre- 
cipitated as  plumbic  or  argentic  chlorite  with  plumbic  or  argentic 
nitrate.  It  forme  salts  called  Chloritea,  They  may  be  known  from 
the  hypochlorites,  by  their  bleaching  power  not  being  destroyed  by 
the  action  of  nitric  acid  and  arsenious  anhydride. 


Chloric  Peroxide  (CIA  =  i^^). 


Relative  weight  83*75.      Specific    gravity ,    theoretic ^    2*335;    oheerved^ 
2*3227.     Boiling  Point,  68°  F.  (20°  C). 
Synonyms. — Peroxide  of  Chloi*ine  ;  Chloric  dioxide  ;  Hypochloric  acid  ; 

Perchloric  oxide. 

History. — Discovered  by  Davy  in  1815. 

PreparatioiL — !•  By  the  action    of   sulphuric    acid  on  potassic 

chlorate. 
3KCIO3  +     2H5SO4     =  KCIO4  +     2KH8O4    +  0H«  +   CI2O4 
Potassic    +     Sulphuric       =  Potassic  +  Hydric  potassic  +  Water  +  Chloric 
chlorate  acid  percblorate        sulphate  peroxide. 

001 


3 


<  oS)    "*■  2S0,Ho,     =  ]  0       +  2SO,HoKo  +  OH,  +  J  q 


001. 

2.  By  heating  a  mixture  of  oxalic  acid  and  potassic  chlorate  to  149^ 
r.  (65°C.).    (Calvert.) 

Properties. — (a.)  Sensible  and  Physiological, — A  deep  yellow  green 
gas,  having  a  strong  chlorine  odor  and  a  sweet  taste.  It  is  excessively 
irritating. 

{ft.)  Physical. — ^It  has  a  specific  gravity  of  2*36 ;  100  cubic  inches 
weigh  73*16  grains.  By  a  slight  pressure,  or  by  a  cold  of  — 4®  F.  ( — 20° 
C),  the  gas  condenses  into  a  red  explosive  liquid.  At  a  heat  of  140°  F. 
(60°  0.)  it  explodes,  the  gases  formed  occupying  a  volume  one-third 
greater  than  the  original  gas.  It  may  be  preserved  in  the  dark,  but  is 
decomposed  by  light     Water  dissolves  20  times  its  bulk  of  the  gas. 

(y.)  Chemical. — ^It  is  a  powerful  oxidising  and  bleaching  agent. 
Its  action  on  many  bodies,  such  as  mercuiy,  phosphorus,  sugar,  and 
turpentine,  is  energetic.  It  neither  forms  an  acid  nor  salts.  It  is  ab- 
sorbed, however,  by  alkaline  solutions,  a  chlorite  and  a  chlorate  being 
formed.     Thus — 

CLO^      +      2KH0      =      KaO«        H-       KaO,       +     H^O. 

Chloric       -f         Potassic         =        Potassic         +         Potassic         +      "Water, 
peroxide  hydrate  chlorite  chlorate 

/  oci 

'  OCI 
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Chloric  Acid  (HCIO,  =  84-5). 


roci 
(oh 


(OGl 
"'{oHo. 


Synonyms. — Ox^muHatk  acid^   hydric  chlarah* 

History. — Discovered   bj  Chenevix   (1802).      Its  properties 

studied  by  Guy  Lussac  (1814), 

Preparation* — (l-)  A  large  excess  of  clilorine  is  first  passed  intot 

fitrong  aolutiDn  of  potassic  hydrate^  thus  producing  a  potassic  chlornt 

This  is  decomposed,  the  potassic  chloride  being  previously  separate 

by  crystallization  with  hydrofluosilicic  acid- 

(a.)  eKHO       -f     301,    ^         6Ka  +        KCIO,         +  3H«0J 

PotaflAic  hydrate  -f  Chlorine  ^  Polassic  chloride  +  PotA^aic  chlofftte  -f  WnJor J 

60KH       +     301,    =         6Ka  -f        KClOs         -f  aOHj.| 

(/3.)  2KCIO3      -f  H.SiF6=       2nC103        -f       KjSiFfi. 

(It  is,  perhaps^  best  to  form  a  baric  chlorate^  and  to  deeotnposo  tliil 
with  its  equivalent  of  sulphuric  acid*     After  filtering  off  the  bar 
sulphate,  the  acid  filtrate  must  bo  carefully  concentrated  by  erapor 
tion. 

Fropertdes.^ — (a.)  Sensible  and  Phtimlogicol. — ^A  syrupy  liquid,  hav{ii| 
a  strong  eJiloroid  smell ,  a  very  acid  taste^  and  a  powerful  eorrosivi 
action  oa  the  body. 

{ft,)  PhifsicMl — Light  decomposes  it.     It  is  freely  soluble  in  wate 
A  heat  of  100°F.  (38^  0.)  breaks  it  up  into  oxygen,  chlorine,  percMorii 
acidj  and  water.     Thus — 

3HCIO3       =         HCIO4       -f         H^.O      +       2O5       +       K\. 

Chloric  add     -^    Penhloric  add    -|-  Water        -h      Oxygen      -f     Chlontie.l 

(■y.)  Chtmkal. —  Chloric  acid  is  a  powerful  acid»  and  even  chars  papei 
It  rapidly  oxidizes   organic   matter,  but  it  does  not  bleach.       It 
mouobasit^  like  nitric    acid.     The  anhydnde  has  not  been  iaolat 
It  forms  salts  called  chlorates,  which  are  largely  used  both  in  medil 
cine  and  in  the  arts.     The  acid  itself  has  no  uses. 


PercHoric  Acid  (HCIO,  =  ioo-5). 


roci 

{O        or 
tOHo 


iOCl 
U) 


\l 


OH. 


Molecnhr  weighty  100*5.    Spicip:  gravity,  1*782. 
Synonyms. — Hydnc  perch tora tc. 
History.-  I>iscovered  by  Count  Stadein  (1814). 
Preparation,— (10  %  diatilUug   potassic  perehlorate,  witli 
times  its  weight  of  sulphuric  acid. 

2KC10,  +      H28O4      =      2HCIO4      +         K^SO^. 

Fo(a«Bic  pwchlorate  4-  Sulphuric  add  ^  Perchloric  acid  +  Potanic  9itl{ih«l«« 

(OCl  (OCl 

2     0  +     SO,Hos     =     2/0  +        SO^o, 

(OKo  (OHo 

The  j'ntjiure  acid  ihua  formed  is  then  iec\i&«:d. 


BBOMIXS« 


^^2.)  By  the  action  of  heat  on  chloric  acid  (prepared  by  decomposing 

*  baric  chlorate  with  sulphuric  acid)^  whereby  perchloric  acid,  together 

with  chlorine,  oxygen  and  water  are  formed,     {See  Chloric  Acid.) 

Froperties,^ — (oO    Stmsilfk  and  PkyswhyicaL  —  A  colorless  liq^uid, 

I  having  a  very  sour  taste,  even  when  very  dilute.  It  produces  frightful 

bums  when  applied  to  the  ekin.     It  turns  yellow  by  keeping,  Ixoni  the 

liberation  of  the  oxides  of  chlurine, 

(/3.)  PbifsicaL — Very  volatile.     It  has  a  specific  gravity  of  1'782  at 
^60°  F.  (1 5-5°  a).     It  remtiins  liquid  at  — Sl'T.  (  —35°  0.), 

(y.)  Chemical, — The  anhydride  is  unknown.  ^Yhen  very  dilute  it 
I  reddens  litmus,  but  does  not  bleach  vegetable  colors.  In  this  diluted 
form  it  is  the  most  stable  of  the  chlorine  oxides.  It  dissolves  iron  and 
2inc,  setting  free  hydrogen*  The  pure  acid  is  one  of  the  most  powerful 
^K  oxidising  bodies  known,  an  explosion  resulting  when  a  single  drop  is 
^P  brought  into  contact  with  any  organic  substance.  lu  sealed  tubes  it 
undergoes  spontaneous  decomposition  and  bursts  the  tubes.  It 
decomposes  when  distilled.  It  forma  with  water  a  white,  silky,  crys- 
talline hydrate  (HC104,HsO)  (Cryatals  of  Senillas),  This  hydrate 
is  decomposed  by  a  heat  of  230'^  F.  (IIO^C)  into  the  pure  acid 
(HCIOJ  which  distils  over,  another  hydrate  (nClO^^SHgO),  a  thick 
oily  liquid  remaining  in  the  retort,  which  is  not  volatile  at  a  lower 
temperature  than  397''  R  {203^  C).  i 

The  acid  forms  salts  call<id  porchlorates  (M'ClOi).  " 

There  are  several  compound  oxides  of  chlorine,  the  moat  important 
of  which  is  mvhlorine.  This  was  discovered  by  Davy,  and  is  pre- 
pared by  heating  together  hydrochloric  acid  and  a  chlorate.  It  is 
probably  a  mixture  of  chlorine  and  chloric  peroxide.    It  ia  a  yellow 

i explosive  gas, 
BROMINE  (Br.). 
Atomic  weighty  80*     Molecular  weight ,    160.     Molecular   volume  [  _|  J . 
Atomicity  monad  (')  (HBr— KBr— AgBr).     Relative  weight  (H=i) 
I  80.     Specijic  gravittf  (Air^^l)  of  vapovy   tkeoretiCf   5-536,  observed^ 

'         5-54.     Specific  gravity  of  litpiid  (  Water  =  \)  ai  ZT  F.,  3'187.    Fuses 
of  _4  p.  (—20°  C.)     BqHb  at  145-4^  F,  (63-0'^  C). 

SynoDyms,^^"^*^^  {fnuna^  brine),  Balard;  Bromine  (^5pw/ioei  fetid), 
Guy  Luesac* 

History. — Bromine  was  discovered  by  Balard,  of  Montpellier,  in 
August,  182G,  in  *  bittern/  the  mother  liquor  of  sea  water,  and  was  at 
the  time  supposed  to  be  a  compound  of  chlorine  and  iodine.  After- 
wards Balard,  Loewig,  and  SeruUaa  together,  proved  its  elementary 
nature* 

Katural  HiEtory* — It  never  occurs  in  nature  in  a  free  state,  (a.)  In 
the  mineral  kingdom  it  is  invariably  found  in  company  with  cUlonu^ 
eompounds.     Sea  water  cant&inB  0^9  to  1*25  grains  of  MgBr^  ^^t 


» 


I^C        H 
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gallon.  The  Dead  Sea  water  is  specially  ricli  in  bromine  eoinponnda. 
So  also  are  the  mineral  springs  of  Krenznach,  Kisaengen,  Kersball, 
etc.  Bromine  is  also  found  mineralized  with  silver,  zinci  and  cadmiumj 
It  13  found  in  most  samples  of  rock-salt,  and  also  in  coal.  (Bussy.)  Q3.) 
In  the  vegelable  kingdom  it  is  found  more  or  less  in  all  sea  plants ;  and 
(•y.)  In  the  anmal  h'ngdom  it  is  found  in  sponges,  liver  of  cods,  etc 

Preparation,— Bromine  is  usually  obtained  from  the  mother  li^ui 
of  the  springs  of  Kreuznach,  Schiinbeck,  etc. 

(1.)   The  aid  procts^  used  tn  prcparimj  it  is  ds follows  ,- — 

{a,}  Chlorine  ia  Erst  added  to  the  liquor  to  set  free  the  bromine 
2KBr  +  CL  ^  2KC1  +  Br,. 

(h,)  The  solution  is  then  shaken  up  with  ether,  and  aftor  standing, 
the  ethereal  layer  containing  the  bromine  is  decanted. 

(c. )  Caustic  potash  is  now  added,  and  heat  applied,  whereby  the 
brumine  is  converted  into  potassic  bromide  and  potassic  bromate — 

6KH0        +     3BrB  =         ^KBr         +       KBrOs         -f  3H.;0* 

Potassic  hydrate  +  Bromine  ^=  rolasaic  bromide  -f  Potosaic  bromate  +  Water, 

OK 


i 


I 


eOKH       +   3Bro 


6KBr 


lOBr 


+  30H, 


4 


(d, )  The  residue  is  now  ignited,  in  order  to  convert  the  potassic  bro- 
mate into  potassic  bromide  : — 

(2XBr03  =   2KBr  +   30.,). 

(e.)  The  potassic  bromide  is  now  dissolved  in  water  and  distilled 

with  mangamc  peroxide  and  dilute  stilphuric  acid,   tvhen  bromine  ^ 

distils  over^ —  H 

2KBr  +  2Hn804  +    MbO.   ==  K^SO^  +    MnSO^    -f  2H.0-f     Br.,    " 

Potassifi  -f    Sulphuric   -f  MMiiganIc  ^=:  Potasflio  +  Manganoue  +  Water  -j- Hromioe. 
bromide  utid  peroxide        sulphute  Bulphate 

2KBr  -h2SO,Ho.+   MnOo  =SO,Ko,H-  S0.Mno"  +  20H.+    Br^ 

(J])  The  bromine  is  then  re-distilled  with  calcic  chloride  in  order  to 
free  it  perfectly  from  water, 

(2.)  The  Tiew  process  of  Desfosses,  as  modified  by  Mohr  and  Lcewig 
consists  in  distilling  the  mother  liquor  at  once  with  manganic  peroxide 
and  dilute  sulphuric  acid,  the  distiLLate  being  afterwards  roctilied  with 
calcic  chloride. 

Properties, — (a.)  Senmhle  and  ph/HwloffkaL — ^Bromine  is  a  dark  red! 
liquid^  evolving  red  fumes  at  ordinary  temperatures.  It  is  the  only 
liquid  Don-tiietallic  element^  mercury  being  the  only  liquid  metalUe 
element.  Its  odor  is  foetid  and  irritating^  and  its  taste  acrid  and 
caustic.     It  stains  the  skin  a  permanent  yellow.     It  is  an  active  poison. 

(/3.)  FhysiraK — Liquid  bromioe  has  a  specific  gravity  of  3*187,  and 
its  vapor  of  5"j4*  The  vapor  is  evolved  at  ordinary  temperatures. 
It  boils  at  145*4  F,  (63**  C),  and  freezes  to  a  brown  crystalline  solid  at 
— 4  F,  ( — 20^  C, ).  1  part  of  bromine  is  soluble  in  34  parts  of  water,  the 
solution   having  a   speciiic   gravity  of  1024.     The  solution  rapidly 


« 
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BROMINE. 


P 
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ecompoaes  under  the  lafluenco  of  sunliglit  into  oxygen  and  hydro- 
bromic  acid^     It  18  also  soluble  in  alcohol  and  ether. 

(y.)  ChemieaL — These  are  in  many  reapeote  aimilar  to  chlorine*  Aa 
an  oxidizing  agent  it  bleaches  litmus  and  indigo,  A  taper  introduced 
into  the  concentrated  vapor  burns  badly  and  with  a  smoky  flame. 
Phosphorus  and  some  of  the  metals  take  fire  when  brought  into 
contact  with  it,  Turpentine  vapor  decolorizes  bromine  rapor,  hydro* 
bromic  acid  being  formed.  Here  its  affinity  (like  that  of  chlorine)  for 
hydrogen,  and  its  'power  of  displacing  it  is  to  be  noted.  It  rapidly j 
attacks  organic  matters,  staining  them  a  yellow  color.  It  combine 
with  all  elementary  bot3ies,  forming  bromides.  It  also  oombinea  with 
water,  forming  a  hydrate  (Bfo,  lOH^O). 

Tests. — («-)  ^^  ufret  «f(iftf— Bromino  is  set  free  from  its  compounds 
by  chlorine.  It  may  be  known  by  its  red  color,  and  by  forming  a 
yellow  compound  with  starch. 

(^,)  In  combination, — (I.)  Plumbic  acetate  gives  a  white  precipitate  of 
plumbic  bromide  (PhBr^).  (2.)  Argentic  nitrate  gives  a  yeEowish- 
white  precipitate  of  argentic  bromide  (AgBr)  which  is  insoluble  in 
dilute  nitric  acid,  and  of  difficult  solubility  in  dilate  ammonia. 

Uses. — In  the  arts,  bromine  is  used  in  photography.  In  medicinSf  the 
bromide  of  ammonium  (NH^Br)  (ammonii  bromidura,  B.  P,)»  ^® 
ferrous  bromide  {FeBr^),  the  potassic  bromide  (KBr),  as  well  as  a 
solution  of  bromine  (10  minims  in  5  ozs.  of  water)  are  officinal. 

Bromine  is  a  dimnfectant^  its  power  being  dependent  on  its  affinity 
for  hydrogen,  and  its  conseq^uent  oxidising  properties. 


CoMPOUXDS  OP  BfiOMTNE  AlTD  OxYOEN. 

These  are  probably  analogous  to  the  oxides  of  chlorine ;  there 
should  be,  therefore,  four  acids  and  their  anhydrides:—* 


W, 


I 


Anhydride. 

[1. 

Br,0 

OBr, 

2. 

BrA 

- 

3. 

Br.O, 

- 

%* 

Br.O, 

•' 

+  n/J  form 


Acids, 


HypoljromoiWt 
Bromoufl, 

Bromic. 
Pcrbromic, 


2nBrO. 
2HBrOa 

2HBiO, 

2HBrO, 


Coti«titutioniit  forroulft 
of  Bromiiie  Acids. 


OBrll      or     Brllo. 


OBr 

OIJ 

OBr 

O 

OH 

OBr 

O 

0 

OH 


or    OBrHo* 
\  OBr. 

(OBr. 
or     0 
(OHo. 


The  first  anhydride  (BrgO)  is  the  only  one  known, 
Hypobromons  Acid  (HBrO)  may  be  formed  either  by  agitating 
mercuric  oxide  with  bromine  water (Balard),  or  by  adding  bromine  to  an 
argentic  nitrate  solution  (Dancer).    It  is  a  yellow  liixuidj  easily  decom- 
posed by  heat  j  it  bleaches  powerfully. 
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Bromic  Acid  (HBrOa). — The  anhydride  is  unknown.     It  m9$ 
prepared  like  ckloric  acid ;  also  by  passing  clilorino  through  hron 
water  (Br^  +  bCl^  -f  GH^O  =  2HBr03  +  lOHd).    It  is  decompoted 
by  heat 

PerbrODlic  Acid  (HBrO^)  may  be  prepared  by  adding  bromine  ta 
a  soktion  of  perchloric  aeid.  It  is  a  colorlesa  oily  liq[uid,  and  the 
most  stable  of  the  oxides  of  bromine. 


CoMPoimD  OF  BuoMnJB  AND  Chlorote. 

BromotlS  Chloride  (BrCl3  ?)  is  prepared  by  passing  chlorine  througlL 
li  fill  id  brumine.  It  is  a  reddieh,  volatile,  very  unstable,  pungent 
liquid,  soluble  in  water,  the  solution  possessing  coEsiderable  bleach-J 
ing  power. 

lODmE  (I  =  127). 

Atomic  weight  J  127,     Molecular  weight,  254,     Molecular  volume^  \    \ 

Atomicitf/    monad  (%    (HI);    occasionally   triad    (ICI3).      JUhtivi i 
weight  (H  —  1),    127.     Specific  gravity  of  solid  iodine^  4*947 
vapor,  theoretii',  8-7884;  observed,  8-716,     Melts  at  225°  P.  (107 
C),  and  hails  at  347^  P.  (176°  €,), 

History* — Iodine  was  discovered  by  Conrtois  (1912),  a  French 
saltpetre  manufacturer,  on  adding  sulphuric  acid  to  the  waste  liquor 
of  kelp.     Courtois  gave  some  of  it  to  Desormes  and  Clement,  ifiho^ 
published  their    rosearcbes  respecting  it   (1813).     It   was    furthejB 
examined  by  Yauquelin,  and  also  by  Davy  and  Guy-Lussac  (18 IS 
and  1814). 

Natural  History. — It  never  occurs  in  nature  in  a  free  state,  (a.) 
In  the  mi  ft  era  I  kiij^dom  iodine  is  found  in  sea  water  as  calcic  iodide,  but 
to  a  lees  extent  than  the  bromine  compound  (1  in  250,000;  Sonstadt). 
It  is  supposed  to  be  the  active  principle  of  many  mineral  springs  where 
it  is  present  in  combination  with  potassium,  sodium,  and  magnesium. 
The  spring  at  Key,  near  Freistadt,  contains  0-819  part,  and  that  at 
IJallea  0'426  part  of  maguesic  iodide  in  10,000  of  water.  It  is  also 
found  in  the  Bath,  the  Cheltenham,  the  Leamington,  and  the  Bon- 
uington  springs.  It  is  found  mineralised  with  zinc  (Silesian  ore),  lead, 
mercury,  and  silver  (Mexican  ore).  It  is  found  in  rock  salt»  in  many 
limestones  and  doluniites,  in  Chili  nitre  (and  hence  occafiionally  con- 
stitutes an  impurity  of  nitric  acid),  and  occasionally  in  coal,  (/i,)  In 
iht  vegetable  kingdom  it  is  found  in  sea-weeds  as  an  alkaline  iodide, 
extracted  by  them  from  sea-water. 

Iodine  in  100  { 
of  dried  plant. 

Laminoria  digitata,.,         ...         ...         .,•  0*47 

Laminaria  saccharina        ...         ...         ...  0"16 

iFucus  vesieulosus  ...         ...         ...         ...  001 

Fucus  Bodofius        0*04 


lODIJTE* 
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Wotch  and  Ii-ish  sea-weeJs  contain  more  iodine  tlian  Englisli  sea- 
veeda.  It  ifi  aaid  to  bo  present  in  fresh-water  plants  that  grow  iu 
Tanning  streams  (Chatin),  (7.)  In  the  animal  kingdom^  it  is  found  in 
marine  animals^  and  notablj  in  sponges,  oysters,  etc.  It  is  an  inva- 
riable constituent  of  cod  liver  oU  (0*04  to  0-32  per  cent.). 

Preparation. — (l-)  Protest  of  Wollaston,  as  modified  b^  Wli^tehiw, 
(a.)  The  sea- weeds  found  on  the  Scotch  coast  (specially  the  lami- 
naria  digitata,)  are  collected  during  the  summer  months,  dried  by 
exposure,  and  then  burnt  without  flame,  in  order  to  prevent,  as  far  as 
possible,  any  loss  of  sodic  iodide.  The  ash  constitutes  what  is  called 
'*  kelp,"  or  **varec.''  A  ton  of  good  kelp  made  from  the  laminaria 
digitata  will  yield  from  10  lbs,  to  15  lbs.  of  iodine, 
I  (6)  The  kelp  is  first  lixiviated  with  boiling  water,  whereby  about 

^^0  per  cent,  of  solid  matter  is  dissolved,  consisting  of  sodic  car- 
^■lonate,  sulphate,  sulphite,  and  sulphide,  besides  sodic,  potassic  and 
^B^snagnesic  chlorides  and  iodides. 

^      (c.)  The  solution  is  then  filtered  and  evaporated  to  a  smaller  bulk, 
I       in  order  to  separate  the  sodic  carbonate  (Scotch  soda).     It  is  after- 
wards still  further  evaporated  to   separate  the  sudic  sulphate  and 
^      chloride* 

{d,}  The  residual  Ifquor  (Sp.  Gr.  1"33  =  iodine  lei/)  is  now  mixed 
with  about  one-eighth  of  its  bulk  of  oil  of  vitriol,  and  allowed  to 
stand  for  24  hours,  whereby  carbonic  and  sulphurous  acids,  and  sul- 
phuretted hydrogen  are  evolved,  and  sodic  sulphate  and  much  free 
,  Bulphur  separated. 

{e.)  The  liquid  is  then  filtered  and  put  into  a  leaden  still  (iodine 
I)  with  manganic  peroxide,  and  heated  at  a  temperature  not  ex-, 
ling  212°  F.  {100^  C),     In  this  way  the  formation  of  chlorine  it  j 
prevented,  and  the  iodine  is  obtained  as  a  sublimate.  | 

[2NaI  -h    MnOg    +  2H.SO4  =  Na^SO^  +  MnSO^  +  2H«0  +  I^j. 
I  Solic     4-  Manganic  -f-  Sulphuxic  s=      Sorliu      -f  Mangiimo   -f  Water  +  Iodine. 
[  iudtite  OAifle  at  id  sulphate  sulphate 

2Nal  -h    MnO.   -h2SO,.Ho,>==SO.^Nao,4-Si\MDo"+20H^+   I^. 
(/)   The  iodine  la  now  purified    by   resublimation.     Commercial 
'  iodioe  generally  contains  more  or  less  chloride,  cyanide,  and  bromide 
^^of  iodine. 

^B    (2,)  A  second  process,  occasionally  adopted,  is  throwing  down  the 
^Kodiue,   with  a   subsalt   of  copper,   as   a   diniodide   of  copper.      In 
^l^ractice,  cupric  and  ferrous  sulphate  are  mixed  with  the  iodine  ley, 
Tbe  subiodide  of  copper  (Cul)  formed  is  then  distil letl  with  manganic 
^_t)proxide  and  sulphimc  acid,  whereby  iodine  is  liberated — 
■F^Ca'^Ij  +  2M:nOg  +  4H^S0^  =  2CuS0^  +  2MnS04  +  ^HjO  +  T^. 
w^     (3.)  Bmil  Berhi'8  Process  (Prize  Essay,  Florence,  1849).     Wlien  the 
solutions  are  very  poor  in  Iodide,  Bechi  sets  free  the  iudine  with  nitro- 
hydrochloric  acid,  and  then  filters  the  liquid  through  recently  ignited 
■Jampblack.    The  lampblack  ia  then  washed  with  a  potfLsh  wlulioiii 
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and  the  solution  evaporated  to  diynesB/the  iodine  of  the  solid  residul 
teiDg  afterwards  liberated  by  distillation  with  manganic  peroxide  and 
aulphiiric  acid. 

(4.)  The  iodine  is  sometimes  thrown  down  from  the  solution  by  I 
adding  a  little  chlorine  or  nitro -hydrochloric  acid,  and  afterwards  raw 
starchy  which  sinks  to  the  bottom,  carrying  the  iodine  with  it. 

(S»)  The  iodine,  after  being  liberated  with  chlorine,   is  aometinsea 
extracted  from  the  aqueous  solution  by  shaking  it  up  with  bensoLH 
The  benzol  solution  is  then  treated  with  a  solution  of  potash,  whei^B 
potassie  iodide  and  potassic  iodate  are  formed  (a),  from  which  the 
iodine  may  be  precipitated  with  hydrochloric  acid  (/3)* 


(a.)   6KH0  H-  3lo  =  5KI  H-  KIO3  +  3HjO. 

03.)  5KI  +  KIO3  +  6HC1  ^  6KC1  +  3H.0  +  31,8 


1 


Irii^ 


(6.)  In  Stiinford^s  protins  for  the  preparation  of  iodine,  the  winte 
weeds  (said  to  contain  the  most  iodino)  are  dried  under  cover,  sub- 
mitted to  hydraulic  presjjure,  and  heated  in  iron  retorts,  the  gas  est 
free,  being  collected  and  utilised, 

Properties.^o)'  St^tmhie. — Iodine  is  a  black  solid,  having  con- 
siderable metallic  lustre,  and  crystallizing  in  acute  rhombic  octaliedrn 
Its  odor  is  peculiar,  and  its  taste  acrid.     It  stains  the  skin  yellow 
The  vapor  is  a  bright  violet. 

(/I)  Ph/siohgicaL—lt  is  an  irritant  and  caustic  poison.     The  vapor" 
is  irritating  to  the  lungs,  but  when  largely  diluted  with  air,  it  has 
been  found  in  certain  cases  to  act  beneficially  (vapor  iodi,  B.  P.). 

(y.)  Phr/sira/. — Solid  iodine  has  a  specific  gravity  of  4'9'17,  and  the 
vapor  8'716.  The  vapor  of  iodine  ia  the  heaviest  vapor  known,  100 
cubic  inches  weighing  2  70 -3  2  grains.  Iodine  volatilizes  both  at 
ordinary  and  at  high  temperatures  unchanged.  It  fuses  at  225^  F, 
(107^=^  0.)-  It  boHs,  when  perfectly  dry,  at  347^  F,  (175°  C),  but  whdoH 
distilled  with  water  it  volatilizes  at  212°  F.  (100''^  O.).  It  is  a  nonl^ 
conductor  of  heat  and  electricity.  Its  solution  in  carbonic  disnlphide 
is  found  to  be  opaque  to  light  rays,  but  transparent  to  heat  rays* 
Iodine  is  diehi'oic.  If  the  vapor  be  freely  diluted  with  air,  it  transmits 
the  red  and  blue  rays  of  light,  and  absorbs  the  green ;  but  the  cod- 
centrated  vapor  absorbs  the  red  rays,  the  blue  only  being  transmit 
Beven  thousand  parts  of  water  at  60^  F.  (15-5"^  C),  dissolve  one  pa 
of  iodine,  forming  a  pale  brown  liquid,  which,  in  the  presence 
nxidizable  matter,  rapidly  decomposes,  hydriodic  acid  being  forme 
Hot  water  dissolves  a  larger  quantity.  The  presence  of  salinij 
matters,  and  specially  of  potassic  iodide,  greatly  facilitates  aolution.* 
Lugors  solution  (hquor  iodi,  B.  1\)  conaiHtB  of  20  grs.  of  iodine,  30 
of  potassic  iodide,  and  1  oz,  of  water.  Iodine  is  far  more  soluble  in 
alcohol  and  ether  than  in  water.  If  water  be  added  to  its  solution 
in  ether  or  in  alcohol,  some  of  the  iodine  will  be  precipitated. 
flpirituous  solution  with  potassic  iodide,  forms  the  tinctura  iodi  (B,  P.] 
It  is  even  more  soluble  in  chloroform^  in  benzol,  in  carbonic  disulr 


Ttnd  in  "carbonic  tetrachloride,   the  solutions  in  these  liquide  being 
black,  and  depositing  Iodine  on  eTaporation. 

(d.)   ChmucaL — An  aqueous  solution  of  iodine  bleaches  Htmua  and 

ndigo  alightlj.     A  taper  introduced  into  iodine-vapor  is  immediately 

ctingoished.     Iodine  more  readily  combines  with  oxygen  than  either 

lorine  or  bromine.     It  forms  iodic  acid  when  boiled  with  nitric 

Did,    neither   chlorine   nor  bromine   being   oxidized  when   similarly 

dated.      Nevertheless,  direct    union    between   oxygen    and  iodine 

aot  be  effected. 
Iodine  forms  one  compound  with  chlorine.     Phosphorus  takes  fire 
irhen  brought  into  contact  with  iodine.     It  combines  with  sulphur 
forming  a  black  crystalline  body  (S^Ij),  used  in  medicine.     Its  action 
on  hf/dtoffcn   is   not   intensOi    presenting^  in  this  respect,   a   marked 
contrast   both  to  chlorine  and  to   bromine.      Although   the   metala  i 
generally  are  attacked  by  iodine,  nevertheless  its  action  on  the  metals  I 
is  weaker  than  that  of  either  chlorine  or  bromine.     Hence  it  may  be  I 
displaced  by  them.     If  iodine  and  iron  suspended  in  water,  be  heated  1 
together,  an  iodide  of  iron  is  formed,  a  compound  used  in  medicine 
(ferri  iodidum,  Fel^)  as  a  pill  (pilula  ferri  iodidi),  and  a  syrup  (syrupus 
Brri  iodidi).     Iodine  forms  no  de&nite  hydrate  with  water. 
As  regards  its  action  on  organic  bodies,  it  will  sometimes  be  found 
combine  with  the  organic  body,  and  sometimes  to  oxidize  it  by 
ombining  with  hydrogen.     But  it  never  displaces  hydrogen  directly, 
although  it  may  at  times  indirectly. 

(Tests* — C«0  ^w  <*  ft'^^  *'«'<^  ^f^h^ — 1^  changes  starch  a  blue  color 
iodide  of  starch).     [This  action  of  starch  on  free  iodine  was  dis- 
jvered  by  Colin  and  Gaultier  de  Claubry.    1   part  of  iodine  in  a 
million  parts  of  water  may  be  detected  by  this  means.]     Note  in 
respect  of  this  reaction  that — 
^_     (L)  Combined  iodine  is  unaffected  by  starch. 

^H  (2.)  Iodine  when  present  in  combination  may  be  set  free  by  the 
^Kiddition  of  a  trace  of  chlorine  water,  when  the  blue  iodide  of  starch 
^ib  formed  (2KI -f  C1,-^2KC1  + 1^). 

(3.)  If  too  much  chlorine  be  added  to  the  solution,  it  will  bleach  the 
blue  iodide  of  starch,  and  thus  the  reaction  be  obscured  (Ig4-6H^04- 
5CI,^2HI03H^IOHG1). 

(4.)  The  color  may  be  partially   restored  by    adding   a   trace   of 
Bulphurous  acid  to  the  solution  (2HI03H-4H.O-h5SO.=^.>HoS0.4+Ie)» 
(5.)  But  if  an  excess  of  sulphurous  acid  be  added^  the  color  will 
again  disappear  (I,-h2H,0-hSOs=2HI  +  H.jS04). 

(6.)  The  color  of  the  blue  iodide  of  starch  disappears  on  heating 
the  solution  to  177''  F.  (80^  C),  but  on  cooling,  the  color  is  partiallyJ 
^xestored.     If  the  liquid  be  boikdj  the  color  does  not  re-appear,  | 

^M     (7.)  The  blue  color  is  also  destroyed  by  the  addition  of  alkalieB.        I 
'  Iodine  turns  meconine  of  a  blue  color. 

R         (k)  In  combuiatiofK^Tho  following  salts  give  precipitates  Btft  l^V- 


Kio 
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lows:  Phtmhic  acttaU^  a  yellow ;  wgenlic  nitrate,  a  yellow Isli- white 5 
vwrcurk  chhmde^  a  red  \  pulladic  nitrate^  a  brown ;  (I  in  50,000)  ;  a  littli 
chlorine  water  and  starchy  a  blue  color. 

Uses, — //'  i^^  c"''*. — Iodine  is  used  in  photograpliy,  and  also  in  the 
laboratory  as  a  teat  reagent  for  starch  *  In  medicine  it  i^  used  as  a 
resolvent  Oonrdet  of  Gt'neva  first  suggested  the  use  of  the  ashes  of 
Bpon^e  as  a  curative  agent  It  is  employed  officinolly  in  various 
forms  and  combinations,  such  as  poULSsic  iodide,  liquor  lodi,  un- 
guentum  iodi,  and  tinctura  iudi^  the  iodido  of  sulphur  being  also  used 
as  an  unguent,  and  the  iodide  of  iron  as  a  pill  and  syrup.  As  a 
disinfectant  its  action  is  powerful.   (Eichardson.) 

CoMPOtTKDS   OF   lODINE   AND    OxYOEX. 

Two  compounds  of  iodine  and  oxygen  at  moat  (viz.,  I^O^  and  I«0; 
and  probably  only  one  (viz,,  I^O^)  have  been  prepared.     This  latt 
may  be  formed  by  the  action  of  beat  on  iodie  acid  (IIIC)3).     This 
flerves  to  illustrate  the  greater  ailinity  of  oxygen  for  iodine,  than  for 
chlorine  or  for  bromine. 


Iodic  Acid  (HIO,,  =  176). 
Preparation. — (!•)  By  the  action  of  oUorine  on  iodine  suspended 


4 


in 

water 

(Liebig)— 

I* 

+ 

501^ 

-f 

Iodine 

+ 

Chlurioe 

+ 

\ 

+ 

5a> 

+ 

6HoO    =  lOHOl 

Water    ^    Hydmcliloiie  acid 

60n.     =  lOHCl 


+     2HI0,. 
+     Iodic  acid. 

01    1 

(  OHoJ 

The  solution  i«  ' 


+    2 


(2.)  By  the  action  of  strong  nitric  acid  on  ioiline. 
afterwards  evaporated  to  drj  ne^s. 

Properties. — (a.)    Phi^^iva{,—A.  white  solid,  having  a  sour  taste, 
cTystiiilizing    in    hexagonal    tables    (15.05,1100:  Aq)    which    are   very      1 
soluble  in  water.     Heated  to  266°  F.  (130°  d)  it  becomes  IgO^.HtO^ 
and  at  338°  E.  (170"  C.)  I.O5  is  formed.    At  a  temperature  of  6^8°  f" 
(370°  C.)  it  is  decompoaed. 

(/3.)  ChemkiiL — It  first  reddens  and  afterwards  bleaches  litmus.     It 
slowly  oxidizes  most  bodies.     It  does  not  blue  starch,  until  acted  oa^J 
with  reducing  agents,  such  as  SOn.H^S,  etc.,  when  it  is  decoiuposed^H 
ioflme  being  set  free,  which  will  then  act  on  starch  to  form  the  blue" 
iodide  of  starch. 

Iodic  acid  is  a  monobasic  acid,  and  forms  iodates. 


Pariodic  Acid  (HIO^  =  192). 


(01 

'0 

tOHo. 


Preparation, — In  the  process  for  tho  preparation  of  periodio 
there  are  several  distinct  steps  to  be  noted : — 

(a)  Chlorine  is  first  passed  through  a  solution  of  sodic  iodate  con 
i&iniDg  free  5oda,  (Liebig.) 
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2NaI03    +  6NaH0    +    2CI2    =    4NaCl    +  NaJ^Og  +  3HgO. 

Sodic  iodate  +  Sodic  oxide  +  Chlorine  =Sodic  cliloride+  Sodicperio-  +  "Water. 

date  (basic). 

{  ONao  +  ^ON&K  +201,    =     4NaCl    +  Na*!^  +  30H^ 

(/3.)  The  insoluble  basic  sodic  periodate  formed,  is  collected  and 
treated  with  argentic  nitrate. 

l^a^lfig     +      4AgN03      =    4NaN03    +       AgJ^O^. 
Sodic  periodate  -f  Argentic  nitrate  =  Sodic  nitrate   +  Argentic  periodate 
(basic)  (basic). 

(y.)  The  basic  argentic  periodate  formed,  is  then  dissolved  in  nitric 
acid,  when  a  neutral  argentic  periodate  is  obtained. 

Ag4T209     4-  2HNO3  =       2AgT04       +      2AgN03     +  H«0. 
Argentic  periodate  +  Nitric  add  ^  Argentic  periodate  +  Argentic  nitrate  +  Water, 
(basic)  (neutral) 

(3.)  This  neutral  argentic  periodate  is  now  boiled  in  water,  when 
periodic  acid  and  basic  argentic  periodate  is  formed. 

4AgI04         4-  HgO  =        Ag^lfig       +      2HIO4 
Argentic  periodate  +  Water  =  Argentic  periodate  +  Periodic  acid, 
(nentral)  (basic) 

Properties. — ^Periodic  acid  is  a  crystalline  solid,  very  soluble  in 
water,  and  easily  decomposed  by  heat. 

Compounds  of  Iodine  and  Chlorine. 

A  proiochloride  0/ Iodine  (ICl)  may  be  obtained  either  directly  or  by 
heating  a  mixture  of  iodine  and  potassic  chlorate — 

(Tg  4-  3Ka03  =  KCIO4  +  KIO3  4-  KCl  4-  O2  +  ICl). 

It  is  a  dark  red,  oily  liquid,  solidifying  easily.  The  solid  is  very 
deliquescent,  and  is  easily  decomposed  by  water. 

The  terchlonde  of  Iodine  (ICl 3)  is  prepared  by  heating  I2O5  with 
hydrochloric  acid  (IgOs  -f  lOHCl  =  2CI2  +  SH^O  +  2lCi3).  It  is  a 
solid  crystalline  body,  and  melts  at  77°  F.  (25°  C.)  It  has  no  action 
on  starch.     When  heated,  it  gives  off  chlorine. 

The  tetrachloride  of  Iodine  (ICI4)  is  supposed  to  be  formed  when  the 
protochloride  is  decomposed  (8IC1  =  2ICI4  +  31^). 

A  pentachloride  of  Iodine  (ICI5)  is  also  supposed  to  exist. 

Iodine  is  believed  to  combine  with  bromine,  forming  IBr  and  IBr5. 


Generalisation  on  the  Halogens  {that  ?>,  bodies  forming  salts,  like 
common  salt),  OR  Salt  Radicals  (so  called  from  their  forming  salts  hy 
direct  contact  with  the  Metals)^  chieply  with  reference  to  Chlorine, 
Bromine  and  Iodine. 

(1.)  In  nature  these  bodies  are  never  found  in  a  free  state.  Where 
one  is  present,  all  are  usually  present  \  q»  e.g.  in  sea-water,  in  mineral 
springs,  in  marine  plants,  and  in  marine  animals,  etc. 
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(2.)  They  are  all  monad  elements^  on©  voluxno  of  the  haloid  elemenl 
combining  with  one  voliimo  of  hydrogen,  to  form  two  volumes  of 
gaseous  bydric  aeids,  aa  HCl  j  IIBrj  HI  j  HF ;  all  of  which  add^ 
are  closely  allied  in  their  properties, 

(3.)  They  all  attaok  organic  bodiea,  replacing  and  displacing  hy- 
drogen. 

(4,)  They  all  decompo6©  water,  forming  compounds  with  the  hy- 
drogen, and  setting  free  ozonio  oxygen* 

(5.)  They  all  bleach,  oxidiJEe,  and  disinfect,  by  reason  of  their  actio 
on  water. 

(6,)  They  all  act  energetically  on  the  metals,  forming  typical  Balta^ 
which  aro  very  comparable  as  mono-,  sesqui-i  and  per-salts, 

(7.)  They  exhibit  a  remarkabl©  sequence  of  properties. 

j' Chlorine  is  a  yellow  gas. 
(fu)  Form  and  cahr,    <J  Bromine  is  a  red  liquid,  boiling  at  145  4^F»I 
(^Iodine  is  a  black  soHdj  boiling  at  347^  F. 


(/3.)  Spedfic  gravity. 


(y.)  Atomic  weights. 


rChlorine,  2-47. 
l  Bromine,  5  54* 
I  Iodine,  8 '7  2. 

j  Chlorine,  35-5. 
-'  Bromine,  80-0. 
(  ludino,  127*0. 


[Note. — The  intensity  of  af&nity  seems  to  decrease,  as  the  combini 
number  increases.] 

i  Compound  of  H  and  d,  very  stable. 
„  H  and  Br,  less  stable. 

,,  H  and  I,  less  stable  than  HBr. 

I ,  H  and  F,  somewhat  unstable. 

(f.)  The  reactions  of  the  salts  of  the  metaU  also  exhibit  a  peculiar 
sequence : — 

Fluoride  of  silver,  very  soluble  in  water. 

Chloride  of  silver,  insoluble  in  water,  soluble  in  ammonia, 


Bromide  of  silver, 
Iodide  of  silver, 


culiai 


(^.)   Tht  oxif-covi- 
pounds. 


ft  ,,         slightly  soluble  in  ammoma. 

,,  ,,         insoluble  in  ammonia. 

Compounds  of  O  and  F,  non-existent. 
,,  0  and  CI,  very  unstable. 

„  O  and  Br,  less  unstable. 

„  O  and  I,  stable, 

[Note, — ^The  stability  of  the  oxygen  compounds  is  in  the  inverse  o] 
to  the  stability  of  the  hydrogen  compounds.] 

(fj.)  Their  nitrogen  compounds  are  all  explosive. 

{&,)  Chlorine  is  the  most  electro-negative  of  the  haloids,  and  dh 
places  bromine    from   its    compounds ;    bromine   stands    next^ 
displaces  iodine ;  nevertheless,  in  oxy-com pounds,  iodine  will  displ 
chlorine. 
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CHAPTER  V. 

NrrROGEN. 

NiTROosy: — Atmospheric  Air — Its  Constituents — Compounds  of  Nitrogen  and 
Oxygen— Nitrous  oxide— Hyponitroas  acid— Nitric  oxide— Nitrous  anhydride — 
Nitrous  acid — Nitric  peroxide— Nitric  anhydride — Nitric  acid — Compounds  of 
Nitrogen  and  the  Haloids — Compounds  of  Nitrogen  with  Oxygen  and  tbe 
Haloids. 


Atomic   Weight,  14.    Molecular  Weight,  28.     Molecular  volume, 


I    I    I 


Atomicity— Pentad  C),  mad  {'')  ;  Monad  (')— N^H^Cl;  N'^H,; 
N«0.  ^lative  Weight  (Rs^l)  4.  Specif  gravity,  0'97 IS.  100  cubic 
inches  weigh  30*137  grains,  and  1  litre  1  2561  grammes. 

Synonyms. — Azote  (Lavoisier) ;  Nitrogen  (Chaptal). 

Sistory* — ^It  was  long  ago  noticed  that  a  combustible  body  in 
burning  vitiated  the  air.  The  Stahlians  believed  that  this  vitiation 
was  due  to  the  '*  phlogiston"  liberated  by  every  substance  in  the  act 
of  burning;  hence  they  termed  an  air  so  vitiated  **  phlogisticated 
air."  Dr.  Butherford  (1772)  of  Edinburgh,  struck  by  the  change  pro- 
duced in  atmospheric  air  by  respiration,  suggested  that  it  was  a 
compound  of  two  gases  and  not  an  element,  and  that  in  the  act  of 
breathing,  one  of  these  gases  was  abstracted.  Scheele  and  Lavoisier 
(1777)  independently,  proved  that  air  was  a  mixture  of  the  newly 
discovered  oxygen  with  another  gas  which  Lavoisier  termed  azote  (a 
and  iwii).  This  azote,  Chaptal  (1789)  recognised  as  a  constituent  of 
nitre  and  of  nitric  acid,  and  he  therefore  named  it  nitrogen. 

Natural  History. — (a)  In  the  mineral  kingdom,  nitrogen  is  found 
in  a  free  state  in  the  air  (to  the  extent  of  about  79  per  cent,  by 
volume),  and  also  in  gaseous  volcanic  emanations.  It  is  found  in 
combination  with  oxygen  and  bases,  in  nitres,  and  also  with  hydrogen, 
as  ammonia,  in  air  and  water.  (/3.)  In  the  vegetable  kingdom  it  is  present 
in  small  quantities  in  combination  in  most  products  of  plant-life,  as 
in  albumen,  the  various  alkaloids,  etc. ;  and  (y.)  In  the  animal  kingdom 
it  is  found  in  all  fluids  and  tissues,  and  plays  an  important  part  in 
the  phenomena  of  life. 

Nitrogen  present  in  various  animal  substances. 


I      Weight  of 
I       Nitrogen. 


Per  cent,  by 
weight  of; 
Nitrogen. 


CartDage 
Fibrin    . . 
Albumen 
Casein    .. 


16-0 
16-4 
15-6 
16-7 

46-7 
321 
371 


Gluten.. 
Legumin 
Gelatin 


Sarcoain  (CJff^NO,)  . . 
Leucine  (CgHjjNO J  . . 
Tyrosin  (C^HjiNO,)  . . 


160 

16-0  to  180 

18-3 


16-7 
12-2 
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Preparation, — (l-)  -^y  ahstr acting   oxygen  from  atmospheric  air  b| 

one  or  other  of  the  followiDg  methods  ; — 

(a.)  Bj  the  active  combustion  of  pho aphonia, 

(/^.)  By  the  slow  combustion  of  phosphorus  in  moist  air, 

(y.)  By  the  action  of  moist  iron  or  somo  other  metallic  filing 

(5,)  By  tho  action  of  moistoned  alkaline  sulphides. 

(i,)  By  the  af;tion  of  potassic  pyrogallate. 

(f,)  By  admixture  with  nitric  oxide  (NgOg)  and  subsequent  washliij 

{rf.)  By  passing  the  air  over  red  hot  iron,  or  copper  turnings, 

best  of  all,  over  finely  divided  copper  reduced  by  hydrogen  from  the 

powdered  oxide  (On.-f-  (4X^=0.)  «i>=2CuO  +  4N3). 

(2.)  Bi/  the  ikcom/jofition  of  ammo  ft  ia  oj*  of  its  salts  by  such  methods 

as  the  following: — 

(a.)  By  passing  chlorine  through  an  excess  of  an  ammonia  sola 

tion^ 


8NH, 


+ 


N, 


Nitrogen. 


3C1,         =  GNH^CI 

Ammonia        +         Chlmlne        ^        Ammonia  eUluride 
[8NH,       +  301,  =  6NH^01 

t|3.)  By  heatinp;  amraouic  nitrite— 

NH^TvO.  :=       211^0      4-  lNr.>. 

Amnioiiiir  rtitrite         ^        Wnter        +         Nitrt>gen. 

[NO(NH,0)         =      20ne      H-  N,]. 

(y)  By  heating  together  ammonic  chloride  and  potassic  nitrite — 

KNO.        +        NH^Ol        ^  XGl  +  2n.O  +      N. 

Potassic  nitrite  *f  Ammonic  thloride  ^  PotasBic  cHoride  +  Water  -|-  Nitit>j 

[KOKo      +        NH4CI        =  KCl  +  2OH0  +     n4 

(^.)  By  heating  together  ammome  chloride  and  ammonic  nitrate 
(Manmen^'s  process  for  getting  chlorine)  {see  page  72). 

The  chlorine  in  this   case   may    be    got   rid  of,  by  washing 
products  with  an  alkali. 

(c)  By  heating  together   ammonic    chloride    and  potassio 
mate— 

KoCrcjO^     + 

Fotaasio       -{- 


2Nn^Cl  ^ 

Ammonic     ^ 
chlorido 


CraOs 

Chromic 
oxide 


4noO 

Water 


+ 


2Ka 

Potassic 
chluride 


[| 


2Nn4Cl  =    Cr.Oj     +   40H,    +    2KCI    + 


diehromate 

fCrO.Ko 
lo         + 

CrOsjKo 

Properties. — («*)  Sensible. — A  colorless  gas,  without  odor  or  tasta^j 

(/3.)  Phffsiohgtcal. — It  ia  not  a  poison  (for  we  breathe  it  freely)^  hi 
it  will  not  support  life»  In  the  air  it  serves  the  purpose  of  a  diluenC 
thereby  rendering  the  oxygen  lees  stimulating. 

(y  )  PhtjmaJ. — Its  specific  gravity  ia  0  9713.  It  is  therefore  a  littl 
lighter  than  air ;  100  cubic  inches  weigh  301 19  grains  (by  calculatio 
30*033  grains)^  and  1  litre  1^561  grms. — ^14  grains  of  niliogen  measu 
at  standard  temperature  and  pressure  46*7  cubic  inches. 

HitrogGin  is  a  permanent  gas;  that  is,  it  cannot  be  liquefied  b] 


NITR00E2C. — ^ilTHO;»PB£BIO  AfB. 
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by  pressiire.  It  is  yery  aliglitlj  soluble  in  water^lOO  vols. 
absorb  at  a2°  F.(0°  0.),  2  03  vols. ;  and  at  60^  F.  (lo°C.)  1-48  vols, 
(Bunsen)^ 

(2.)  Chemical. — The  chemical  properties  of  nitrogen  are  remarVabla 
for  their  negative  character.  It  has  no  action  on  litmus  or  turmeric  j 
it  neither  bums  itself  nor  allows  a  taper  to  biirn  in  it ;  and  it  does  not 

I  whiten  lime  water.  Upon  oxygtn  it  is  without  action  under  ordinary 
Dunditions^  but  if  sparks  be  transmitted  through  a  nuxture  of  oxygnu 
liiid  nitrogen,  or  if  nitrogen  mixed  with  hydrogen  or  ammonia  gas 
pe  burnt  in  an  atmosphere  of  oxygen,  nitric  acid  is  formed. 
Upon  chlorine  and  the  halouU  it  has  no  action,  unless  nascent^ 
when  explosive  compounds  result,  [J/tfwio.  Being  a  permanent  gas^  • 
and  so  feebly  adapted  for  combination^  many  of  its  compounds  are 
^—^xpjlosive.] 

^H     Upon  phosphoruSf    sulphur,  selenium^  carbon^  etc.,  it  has  no  action, 
^■Bxoept  in  the  case  of  carbon,  with  which,  at  a  red  heat,  in  the  presence 
^nf  alkalis  and  alkaline  earths,  it  forms  metallic  cyanides  (M'CN.) 
It  is  said  to  combine  directly  with  Iwron  and  ailivon. 
Upon  hydiogen  it  has  no  action,  unless  the  hydrogen  be  nascent, 
when  ammonia  is  formed. 

Upon  the  mebda  it  has  no  action,  except  in  the  case  of  tungsten, 
titanium,  magnesium,  aud  tantalum,  all  of  which  bum  in  it  when 
heated,  metallic  nitrides  btfing  formed. 
It  has  no  action  on  orgmik  bodies. 

Tests. — ^  a  free  state  we  know  it  by  its  negative  characters;  in 
combination  as  nitric  acid  or  as^ammouia  it  may  be  recognised  by 
the  special  tests  for  these  bodies. 

In  organic  compounds  we  estimate  it  quantitatively  from  the  ammonia 
formed  by  the  combustion  of  the  organic  matter  with  soda-lime.      If 
^^the  nitrogen  be  present  in  the  body  as  an  oxide,  it  must  then  be 
^hetermiued  as  free  nitrogen  by  processes  to  be  hereafter  described.  | 
i^(iS?ty  Organic  Analysis). 

I         Uses. — These  are  confined  to  Nature  aa  a  diluent  in  air,  and  as  a 
^Bponstituent  of  tissues. 

P  ATMOSPHERIC  AIE.  J 

History. — (a*)  Ancient  opinions.— The  air  was  originally  regarded  ft«l 

an  element.     Tlie  ancient  chemists  made  no  distinction  between  tlie 

various  elastic  fluids,  calling  them   all  futt  and  tbis  vrnnmcn  air.     In 

1640,  Van  Hehnont  observed  differences  in  airs,  and  he  adopted  the 

word  pas  or  jcif,  to  distinguish  them,     (Thus  gae-pnique,  gaa'sicciim, 

I      gas-fatiginosum,  gas    Bilvestre  —  De  Flatibus.)     In    1650,   Macquer 

Hbopularised  the  word  ffas,  and  distinguished  a  gEis  from  a  vapor.      In 

^neeO  Boyle  suspected  a  difference  in  the  composition  of  different  gasea^ 

H&om  their  differences  of  combustibility,  etc. 
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(/I)  Modem  opiniom. — In  1772,  ButHerford  discovered  nitrogen,  and 
in  1774,  Prieetley  diacoverod  oxygen.    In  l777,Lavoi8ier  proved  that 
air  consisted  of  a  mixture  of  these  two  gases,  in  the  proportion  of 
volume  of  oxjgen  and  4  volumes  of  nitrogen.     His  experiment 
proof  consisted  in  boiling  mercury  for  several  days  in  a  given  bii 
of  air,  noting  the  lose,  the  quantity  of  the  calx  of  mercury  formed,  ani 
the  quantity  of  oxygen  produced  on  heating  the  calx.     About  the 
same  time  Scheele  and  Priestley  independently  arrived  at  similar  con. 
elusions^  the  former  absorbing  the  oxygen  with  potassic  sulphide, 
the  latter  with  nitric  oxide.     Jkfore  careful  experiments  were  a: 
wnrds  conducted  by  Cavendish  (1781),  Prout,  Biot  and  Arago,  Dum. 
and  Bousinganlt,  Eegnanlt  and  others. 

Properties — (a.)  PhifskaL — The  sptdjie gravity  of  air  is  regarded  as 
1  ;  that  is,  it  is  regarded  at  0°  C  and  at  3tP  Bar,  Pr.  (766  mm.)  as 
unit  and  standard  of  comparison  for  gases  and  vapors. 

Weight  of  the  air. 

100  cubic  inches  weigh  (Prout)         ..  ..  ,.         ..  31*117  gnunc, 

„        „        ,»        „        (Biot  and  Arago) 31 '074       „ 

,,        „        r,        ,,        (Diiniaj?  and  Bdufiiogault)  , .         . .  31-086      «» 

u        n        ».        w        (liegnault)   ,. ao-9»5       „ 


ml 

i 

he 
i.H>n- 
ani^^ 
fteifl 


(Mean  of  the  four  oheervationa) 
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Taking  the  mean  of  these  experiments,  1  litre  of  air  weighs  at  0° 
and  760  mm.,  1*2936  grm.,  and  I   cubic  foot,  536*6  grains.     Air  is 
therefore  14'45  times  heavier  than  hydrogen,  and  816  times  lighter 
than  water. 

The  fwerage  pre&mi^i  of  the  air  on  the  surface  of  the  earlh,  and 
the  level  of  the  ocean  is  equal  to  la  lbs,  on  the  square  inch,  that  is, 
the  air  is  capable  of  supporting  a  column  of  mercury  of  30  inches  or 
760  mm.,  or  a  column  of  water  of  34  feet.  As  we  ascend,  the  pressure 
diminishes  with  the  density,  it  being  halved  for  every  3-4  miles.  It 
follows,  therefore,  that  whatever  may  be  the  extent  of  the  air,  one- 
half  of  the  atmosphere  must  be  confined  to  about  3*5  miles  of  the 
earth. 

'th^  average  temperahtre  of  the  air  in  England  is  60^  F.  (15*56^  C.) 
But  this  varies  at  different  heights,  the  temperature  decreasing  1°F. 
for  every  300  feet,  or  1^0.  for  every  550  feet. 

The  limit  ofperpetHfi!  i<now  in  this  country  is  about  6,000  feet,  and  in 
the  tropics  at  the  equator  15,000  feel  1 

Air  is  a  refractor  of  lighi^  hence  the  existence  of  twilight. 

(/3.)  ChemicoL — ^Air  is  a  met-hunical  mixture  of  nitrogen,  oxygen 
and  other  gases,  as  proved  by  the  following  circumstances  :— 

(a)  On  mixing  oxygen  and  nitrogen  in  their  proper  aerial  pro- 
portions, neither  change  of  volume,  nor  heat,  nor  electricity  results. 

(b,)  The  relative  amounts  of  oxygen  and  nitrogen  present  in 
air  are  not  their  combining  weights,  or  any  multiple  thereof. 
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(g,)  When  air  is  shaken  up  with  fresh  boiled  water,  the  gases 
dissolve  in  their  normal  proportions,  i.*.,  as  1  of  nitrogen  to  187  of 
oxygen ;  and  not  in  the  proportion  in  which  they  are  contained  in  air, 
viz.,  as  4  of  nitrogen  to  1  of  oxygen. 

Composition. 

General  average  Analgsie  of  Air  (Miller). 

Oxygen 20-61 

Nitrogen 77*95 

Carbonic  anhydride         -04 

Aqueous  yapor     . .         . .         . .         . .       1*40 

Nitric  acid  \ 

Ammonia v    tracea. 

Carburetted  hydrogen    . .         . .  i 

and  in  (  Sulphuretted  hydrogen  . .         . ,  ) 

towni(  Sulphurous  anhydride J    "*c««- 

Constituents  of  the  Air. 

( 1 .)  Oxygen  and  Nitrogen. — The  proportion  of  these  gases  respectively 
present  in  air  may  be  estimated  in  various  ways : — 

(A.)  By  re-agents  which  absorb  the  oxygen  at  ordinary  temperatures  and 
leave  the  nitrogen,  as  follows  : — 

(a.)  By  mixing  a  given  bulk  of  air  with  a  given  bulk  of  nitric 
oxide  (NoOg)  in  a  graduated  tube  standiog  over  water.  The  oxygen 
present  in  the  air  combines  with  the  nitric  oxide  (NgOg)  to  form 
nitric  peroxide  (N2O4),  which  is  dissolved  as  soon  as  formed  by  the 
water  in  the  tube. 

Example. — Suppose  that  to  5  volumes  of  air  we  were  to  add  5 
volumes  of  NgO^,  we  should  find  that  3  volumes  would  be  immediately 
absorbed  by  the  water,  leaving  only  7  volumes  in  the  tube.  Of  every 
3  volumes  of  NgO*  so  absorbed  1  volume  we  know  is  oxygen.  It 
follows,  therefore,  that  1  volume  of  the  5  volumes  of  the  original  air 
was  oxygen. 

There  are  many  sources  of  error  in  this  process.  The  N^Oo  may  con- 
tain NgO,  whilst  .N2O5  may  be  formed  in  variable  proportion,  as  well 
as  NgO^.  This  process  of  analysis  therefore,  although  considerably  im- 
proved by  Falconer,  Fontana,  Cavendish,  Humboldt,  Guy  Lussac, 
Th^nard,  and  others,  is  wanting  in  accuracy. 

(/3.)  By  exposing  a  given  volume  of  air  to  the  action  of  an  alkaline 
sulphide.  (Scheele ;   improved  by  De  Marti.) 

(y.)  By  exposing  a  given  volume  of  air  to  the  action  of  moist  lead 
shot.   (Saussure.) 

(5.)  By  exposing  a  given  volume  of  air  to  the  action  of  sheet  copper 
and  dilute  sulphuric  acid.  (Guy  Lussac.) 

(e.)  By  introducing  a  piece  of  phosphorus  into  a  given  volume  of 
air  standing  over  water.  (Berthollet  and  Parrot ;  Achard  ;  Brunner  ; 
Eeboul,  etc.) 

(f . )  By  a  solution  of  nitric  oxide  in  ferrous  sulphate  (4Fe  SO4 + NgO^), 
a  brown  liquid  being  formed  which  rapidly  absorbs  oxygen.  (Sir  H. 
Davy.) 

n 
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(ff.)  Either  hy  an  ammoBiaoal  solution  of  cuprous  eulphate,  prepared 
by  passing  60^  through  an  ammoniacal  solution  of  CuSOi,  and  dis- 
Bolving  the  precipitate  formed  in  ammonia ;  or  by  a  solution  of 
cuprous  oxide  (Cu^O)  in  ammonia.  (Graham,) 

(6.)  By  a  strong  solution  of  pyrogallic  acid  (Cj^HgOg)  in  caustic 
potash  (potassic  pyrogallate), 

(B,)  Bi/  agents  which  aho7'h  the  oxygen  at  high  lemperfdurea  and  leavi 
the  nitrogen, — A  given  volume  of  air  ia  first  passed  (1),  over  calcic 
chloride^  thou  (2),  qyqt  caustic  p&tmh^  and  finally  (3),  over  ignited  copper 
red u red  from  its  oxide,  severally  contained  in  glass  tubes  accurately 
weighed  before  the  experiment  is  commenced.  The  increase  in  the 
wei^^ht  of  the  mkk  vkhride  tube  indicates  the  moisture,  of  the  caustic 
potat^h  tube  the  carbonic  anhtfdridtj  and  of  the  topper  tube  the  oxyqen 
severally  contained  in  the  volume  of  air  operated  upon.  The  residual 
gaa^  which  ia  nitrogen,  may  be  collected  m  an  exhausted  and  weighed 
globe,  the  increase  in  the  weight  of  which  gives  the  nitrogen,  (Dumaa 
and  BouHsingault,) 

(0.)  Btf  exploding  the  air  with  hydrogen  in  an  eudiometer,   (Hegnault, 
Bunsen,    Frankland,    Williamson,    Angus    Smithi     Russell,     etc,)— * 
Every  1  volume  of  oxygen  requires  2  volumes  of  hydrogen  to  form. 
2  volumes  of  water  gas  (H^O).  ^M 

Experimeat. — To  100  volumes  of  air  add  50  volumes  of  bydrogeii^' 
and  explode.     The  150  volumes  will  shrink  (water  being  oondensed} 
to  87  volumes; 

150-87  —  63  volumes  loss; 
Of  these  63  volume*  of  HoO  condensed,  one-third  ia  oxygon; 
Therefore  'y  =  21  volumes  of  oxygen  in  1 00  volumes  of  ain 

[Meajo.^Wo  may  here  note,  that  conversely  the  quantity  of  hydro- 
gen present  in  a  mixed  gas  may  be  estimated  by  exploding  the  gas  with 
oxi/gen  and  noting  the  loss,  two-thirds  of  which  is  hydrogen,] 

This  combination  of  oxygen  and  hydrogen  may  be  effected  slowly 
by  using  pellets  of  spongy  platinum* 

Eesultit  of  Analysis, — By  experimenting  on  common  air  the  foUoi 
ing   results   were   obtained   by   Dimias    and   Boussingault   and 
Begnault : — 


I 


Dumaa  and 
Boussinguult. 

Eegnault. 

Mean. 

In  round 
numbers. 

1             By,owlS5°B-    ;: 

79  19 
20*81 

79-07 
20-93 

79^3 
20-87 

79 

21 

loo-ao 

19000 

109 -00 

100      ^ 

I      By-'-s"'  iSr  :: 

76-99 
23'01 

76  87 
23"  13 

76-93 
2307 

23      ^ 

100-00 

100*99       1       10000 

100       ^ 
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The  proportions  of  oxygen  and  nitrogeiL  present  in  the  air,  have  been 
ound  not  to  vary  more  than  from  20*80  to  20-97  per  cent,  by  volume. 

lis  uniformity  is  dependent  on  the  operation  of  winds  and  upon  difFu- 
don,  by  which  gases  mix  in  opposition  to  gravitation,  and  when  mixed 
Bmain  so. 

The  chief  differences  in  the  percentage  volume  of  oxygen  that  have 
been  observed  are  as  follows  :— 


By  Bumen  at      Marburg      ^r-  - 


YoL  of  oxygen 

pcT  cent. 
...  20"973 
,..  20*840 
,..  20-894 
„.  20-802 
...  20  963 
...     20-880 


/  Chamounix  (3,000  feet) 
By  FranhJand  j  Grand  Mulets  (11, 000  feet)       . . , 
'  Top  of  Mont  Blanc  (15,732  feet) 
By  Miller  Talcen  in  a  balloon  at  IH^OOO  feet 

(2.)  Otone. — The  presence  of  ozone  in  the  air  maybe  detected  by 
ist  papers.  (See  page  62.)  The  general  facts  relating  to  oi&one  may 
6  atated  as  follows : — 

1.  More  ozone  is  present  during  the  night  than  during  the  day, 
d  most  of  all  is  found  at  day-break. 

2,  More  is  found  in  winter  than  in  siiramer,  and  least  in  autumn* 

3.  More  is  found  at  high  than  at  low  levels. 

4,  More  is  found  on  the  sea  coast,  and  specially  when  the  wind  is 
blowing  from  the  sea,  than  inland. 

^K    5.  More  is  found  in  the  country  than  in  towns. 

^P    6.  More   is    found  after  a  thunderstorm  than  at  any  other  time; 

^■east  of  all  is  found  on  damp  foggy  days. 

^^     7.  More  is  found  with  western  than  with  eastern  winds. 

8.  The  maximum  quantity  of  ozone  in  the  air,  never  exceeds 
"oiiTo  P*^''^  i^s  bulk  (Houzeau).  Its  chief  source  is  atmospheric 
electricity,  and  as  minor  sources  the  artion  of  aromatic  plants  and 
flowers,  etc,  (See  Glaiaher^s  remarks  in  Appendix  to  Cholera  Eeports 
of  Board  of  Health.  1855,  pp.  71—73,  89,  90,) 
^^  3.  Aqueous  vapor, — This  is  determined  by  instruments  called  hi/gro- 
^^i^eters  {byp^Ct  moisturCi  and  pirpovy  a  measure),  hygroscopes,  or  psychro* 
^Tieters  {y^vx^K}  cold).  A  large  number  of  common  things  such  as  sea 
.  weed,  catgut,  whrpcord,  etc.^  are  hygroscopic,  and  are  consefiuently 
Hiised  as  weather  instmments. 

^«     DanirTs  htgromder,  the  action  of  which  depends  on  cooling  the  air 
by  the  evaporation  of  ether  until  moisture  begins  to  be  depoeited, 
and  Masoji^s  uH  and  dry  bM  therm(ymeters^  are  the  common  instrumental 
in  use  for  measuring  the  hygroscopicity  of  the  air.    The  actual  amount" 
of  moisture  in  air  may  be  estimatt^d,  by  passing  a  given  volume  of  air 
rough  a  weighed  tube    containing  calcic  chloride,  its  increase  of 
eight  after  the  experiment  indicating  the  amount  of  moisture  present 
the  volume  of  air  operated  upon. 
Gtncral  fwts  respecting  vwi it un-, — {n,)  Air  rarely  coutBona  ^^f^^lPc^'^ 
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Baturated  amount  of  moisture,  except  in  very  cold  weather  or  in  rery 
hot  tropical  seas ;  in  Buch  cases  the  air  is  very  oppressive, 

(6.)  If  the  air  were  saturated  with  moisture,  the  amoimt  present 
would  be  aB  follows  : — 

Ammnts  of  Aqueous  Vapour  m  1,000  volumes  of  Air  when  saturattd. 


One  eulite  toot  of  ^ir  tat  anted  (Bjl  =  SQi)     J 

atr  b*MM>nie  when 

1000  voU.  6t 
i»mr*tisd  At 

J 

Tempt 

Fahr. 

utiir«red 

ootitRlti  ati.  r«p. 

Contain  B 

Crtfitfttnis 

^ 

(dtgrew). 

(vulun.cs). 

(toIuujm). 

*q.  vap. 
(cable  iocbt»). 

(gTAlM), 

Cgr»lu»> 

10 

1002^3 

112 

19354 

0'B4 

592*94 

20 

1003  0 

229 

3*9571 

1-30 

6nou 

ao 

10056 

6-57 

9*6250 

1-97 

667  99 

40 

10«8  3 

823 

14-2214 

2-86 

65603 

50 

10120 

n76 

20-3213 

4-10 

514-30 

60 

1017  :i 

i7oa 

29-4797 

6*77 

632*84 

70 

1024-4 

2:182 

,       411610 

8-01 

621*41 

BO 

10:i4'l 

32-98 

66  9890 

10P8 

60997 

90 

10470 

43-93 

759110 

14^85 

498*43 

100 

1003-9 

60-07 

103-8010 

19*84 

486  05 

(c.)  Tlio  most  comfort ahio  degree  of  saturation  is  from  6t>  to  70  per 
cent.  More  thao  this  checks  evaporation  from  the  body,  wliilst  less 
causes  too  great  evaporatioa,  thereby  parching  the  mouth  and  drying 
the  skin. 

(rf.)  It  has  been  noted  that  in  certain  places,  remarkable  as  health 
resorts,  the  degree  of  saturation  is  singularly  uniform. 

(4.)  Carhonic  aeid. — Thia  is  always  present  in  air.  It  may  be  esti- 
mated in  diflWent  ways:— 

(a.)  By  passing  a  given  volume  of  air  through  a  carefiiUybalanced 
tube  containing  caustic  potash.  The  aqueous  vapor  must  first  be  got 
rid  of  by  passing  the  air  over  chloride  of  calcium.  The  increase  in 
the  weight  of  the  tube  containing  caustic  potash,  indicates  the  amount 
of  COs»  present. 

(^.)  Shake  up  a  gallon  bottle  of  the  air  to  be  examined,  with  a 
hnown  quantity  of  lime  water.  It  is  only  necessary  to  determine 
afterwards  bow  mnrh  of  the  lime  water  remains  unneutrali^ed  by  a 
standard  solntion  of  oxalic  acid,     (Pettcnkofer,) 

(y.)  By  noting  tlie  degree  of  turbidity  produced  when  a  givea 
volume  of  air  is  passed  through  a  given  bulk  either  of  lime  water  or  of 
baryta  water, 

(8,)  By  shaking  up  half  en  ounce  of  baryta  wnter  (consieting  of  OMj 
half  of  a  cold  eatiirated  snlutinti  and  ono-half  water)  with  differ 
bulks  of  the  air  under  examination.     The  least  turbidity  indicates- 

With  23  ozs.  of  air 004     00,  per  cent. 

9 0*10 

6  H  ^^         ..         ..     0-20 

^         »,  0*30 

2|         0-10 

t  ,,  0-MJ  „ 

I J         M  0  90  „ 
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General  facts  relating  to  carbonic  acid  in  the  air, — (a.)  A  normal  at- 
mosphere contains  4*5  volumes  of  CO^  in  10,000  of  air  {i.e.,  004  to 
0-05  per  cent.). 

(b.)  The  proportion  of  carbonic  acid  is  gpreater  at  high  than  at  low 
altitudes.    (Frankland). 

Chamounix      ...       3,000  feet,    6-3  parts  of  CO^  per  10,000. 
Grand  Mulets  ...     11,000    „      IM  „ 

Mont  Blanc      ...     15,732    „        6-1  „ 

(c.)  The  proportion  is  slightly  greater  on  the  surface  of  the  ocean  bj 
day  than  inland  (from  the  action  of  the  sun  on  the  water  ?).  Lew/ 
found  4*7  parts  per  10,000  in  the  air  at  the  middle  of  the  Atlantic. 

{d.)  The  proportion  of  carbonic  anhydride  present  in  the  air  variei 
greatly. 

Proportions  of  carbonic  acid  in  the  air  per  10,000  parte. 

Average  parts 
In  cities  and  toums  : —  per  10,000. 

London  (2-8— 43) 3-4 

Manchester  (4-9— 15) 5-4 

Munich..         ..         ..         ..         ..         ..         ..  6*0 

Madrid  (3-0— 8-0) 6-2 

Paris  (3-6— 6-1)  49 

Jn  dwelling 'hotMes  :'^ 

By  day  (large  rooms)  (5-4— 8-7) 6-8 

„        (small  rooms) 12*7 

By  night  (common  rooms) 13*4 

„          (bedrooms)  (28—60)         36*0 

In  sehool* : — 

By  day,  English  (9-7— 31) 21-6 

„         French  (27— 47) 247 

„        German         39'2 

In  mills  and  icorkshopa  {2S—Z0)  29  1 

Fiaeee  of  public  resort : — 

London  law  courts  (4-8— 19-8)         12*3 

London  theatres  (7-6— 320) 14-9 

Manchester  theatres  (10-2— 27*3) 14*8 

Paris  theatres  (23—43)         330 

(e.)  Expired  air  contains  from  350  to  500  parts  per  10,000,  or 
an  average  of  425  parts  in  10,000  of  air. 

(/.)  Boscoe  states' that  the  air  in  rooms  never  contains  more  than 
0*5  per  cent,  or  50  .parts  in  10,000,  owing  to  diffusion  and  to  the 
porous  nature  of  the  walls. 

(^.)  When  a  chafing  dish  was  lighted  and  left  to  bum  until  the 
carbonic  acid  had  been  generated  in  sufficient  quantity  to  extinguish 
the  fire,  the  proportion  of  CO^  was  found  to  be  14  per  cent  or  1,400 
parts  per  10,000  of  air. 

(A.)  Here  it  will  be  well  to  note  the  vitiating  effects  on  aii  ot 
different  kinds  of  fuel  and  illuminadzzg-  agents. 
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Carbonic  arid  produced ,  and  air  vitiated  per  hour. 


Carbonic  acid 

Air  vitiated 

produced 

and  need     j 

(cubic  fieec}. 

A  mim , 

1,201 

723 

A  horfiO  or  cow          . . 

14,750 
4,304 

8,591 

BaUwing  burner  f3  feet 
Fishtail  or  Agrand  (5  », 

per  boor  cannel  gas) 

2,513 

„        coromoD  m)     . . 

4.752 

2,77^ 

Moderator  lamp,  consumiEg  643  grains  oil  per  bour 

3,857 

2,410 

Paraffin         ,. 

400        „ 

2,666 

1,658 

„      candle            „ 

120        ,, 

80O 

498 

8poraiaceti  candle     „ 

130         „              „     .. 

809 

602 

Composite         ,t        » 

140         „ 

821> 

515 

Wax 

168         „              „     .. 

1,062 

670 

Tailow             „        „ 

143         „ 

858 

629 

(i,)  Lastly,  we  may  note  that  the  quantity,  accordiiig  to  Pettenkofer, 
ipliicli  marks  the  boundary  line  between  pure  and  impure  air  is  01 
per  cent.  Ifj  therefore,  wq  find  more  than  10  parts  of  CO^  in  10,000 
parts  of  air,  we  should  be  juBtiiied  in  regarding  that  atmosphere  as 
unwholesome. 

(5.)  Amman kf.—Thm  is  generally  present  in  air,  although  commonly 
but  in  small  quantities.  It  wa,s  first  observed  by  Liebig.  It  may  be 
estimated  by  paaaing  a  known  Tolume  of  air  through  a  known  quan- 
tity of  dilute  sulphuric  acid,  contained  in  a  tube  filled  with  glsBS 
beads.  The  amount  of  acid  loft  unsaturated  must  bo  afterwards 
determiaed, 

Froportions  of  ammonia  (NH3)  found  in  1  million  parts  of  air. 

Freieniui  (by  day)  0*098 

„         (bynigbt)        0-169 

Grtteger       ..         ..         , 0-383 

Kemp  ..         .. 8-880 

Letbeby  and  Tidy  ,,         .,      from  4101  to  6-203 

{Vide   **  Quarterly  Journal  of  Agriculture/'  1849,  p.  160.) 

Ammonia  is  always  more  abundant  in  the  air  in  dry  than  in  wet 
weather^  in  town  than  in  countiy,  and  in  summer  than  in  winter. 

Proportions  of  ammonia  found  in  1  million  parts  of  rain  wat4r^ 

Porta  per  1  millioa. 

Bousflinganlt  (Liebfrftnenberg) 0*80 

LnweP  ami  Gilbert  ("Roth amst cad)  . .  . .         I'OO 

Barrol  and  Boaeaingault  (Parie)  . .  ,  *         » •      3  to  4 

Letheby  and  Tidy  (London  Hoepital)      « ,         , .      4  to  6 

(6.)  Nitric  acid. — This  is  always  present  in  small  quantities  in  the 
atmosphere,  and  specially  durim^  a  thunderstorm,  electrical  discharges 
determining  the  union  of  the  nitrogen  and  oxygen.  Its  presence  may 
also  be  due  to  the  action  of  ozone  on  atmospheric  ammonia.  The 
acid  is  present  in  rain  water  to  the  extent,  at  timeSi  aooording  to 
fessrs,  Lawea  and  Gilbeii,  of  3*71  ^arte  in  a  millioix. 
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Probably  ammonia  and  nitric  acid  are  the  source  from  which  plan*;a 
take  their  nitrogen,  inasmuch  as  they  seem  to  be  unable  to  assimilate 
the  gas  when  presented  to  them  in  a  free  state. 

(7.)  Sulphurous  and  sulphuric  acids, — These  are  always  present  in 
the  atmosphere  of  towns  where  coal  is  burnt,  and  may  often  be  seen 
upon  our  windows  in  the  form  of  ammonic  sulphate.  Coal  contains  from 
about  0*75  to  4  per  cent  of  sulphur,  the  quantity  present  in  common 
coal  being  on  an  average  1*5  per  cent.  Coke  contains  from  0*6  to  2  per 
cent,  of  sulphur,  the  ayerage  quantity  being  1*25  per  cent.  Coal  gas 
contains  from  12  to  40  grains  of  sulphur  per  100  cubic  feet,  the  average 
being  20  grains.  In  certain  localities  where  sulphur  is  burnt  or  metals 
refined,  there  is  often  at  times  a  large  escape  of  sulphurous  acid  into 
the  air.  The  rain  which  falls  on  the  roof  of  the  London  Hospital 
College-  contains  from  0942  grain  to  4*357  grains  of  sulphuric  acid 
(H2SO4)  per  gallon.  This  is  equivalent  to  from  13*46  to  62*24  parts 
per  million. 

(8.)  Organic  matters,  etc, — Certain  organic  vapors,  floating  particles, 
germs  of  fungi,  etc.,  are  found  in  the  air,  and  are  revealed  by  every 
beam  of  direct  sun-light  That  such  organic  particles  are  present, 
the  development  of  mould  and  of  infusoria  in  organic  solutions  abund- 
antly testify.  Tyndall's  researches  have  shown  the  power  of  cotton 
wool  in  filtering  off  these  solid  particles. 

(9.)  Saline  matters, — ^These  are  found  in  the  air,  and  especially  in 
the  immediate  neighbourhood  of  the  sea. 


Compounds  of  Nitrogen  and  Oxygen. 

These  gases  have  but  little  tendency  to  combine  directly,  neverthe- 
less by  indirect  combination  they  form  a  very  complete  series  of 
chemical  compounds,  which  may  be  thus  tabulated  : — 


The  Oxides  of 

NiTEOGEN. 

Oxides — fonnula. 

Name. 

Acids. 

Formula  of  acids. 

N3O      or      ON, 

I>JjU,  or   1    jjQ 

NO 
N,0,  or        0 

(no 

(    NO, 
N,0,  or        0 

I    NO, 

Nitrous  oxide 
Nitric  oxide 

Nitrous  anhydride 

Nitric  peroxide 

Nitric  anhydride 

+fl,o 

+H,0 
+H,0 
+H,0 

=Hyponitrou8  acid 
No  acid 

=  Nitrous  acid 

/  Nitrous  acid 
=            and 
t  Nitric  acid 

=  Nitric  acid 

2HNOorNHo(?) 

2HN0,  or  NOHo 

HNO,  or  NOflo  J 

and             > 

HNO,orNO,Hoi 

2HNO,orNO,Ho 
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Nitrous  Oxide  (N,Q=^).  (ONj. 

Ifoieculur  weight f  44.  Molecular  volume^  ]  j  j  .  J^tlnttve  i*^ 
{H:=l)»22.  Specific  gravity  ohmcrved^  1*527.  1  Litre  \ra^ 
(0-0896  X  22)  1*971  Qi-nis,,  and  100  cubic  inches  47*34  ^m?if*. 

Synonyms. —  DephlogiBticated  nitrous   air  (Priestley);  niiroui  ox 
and  lauijiun/j  tja^  (DuTy);  protoxide  of  nitivgen  (most  chemists) ;  nitrogen^ 
monoxide. 

History i^ — Diecoverod  by  Priestley  (1776)  wlien  acting  oa  N^Oi 
Tvith  iron  iiliiigs,  Examinod  by  the  Dutch  chemists  (1792)  and  prored 
by  them  to  be  a  compound  of  nitrogen  and  oxygen.  Its  physiological 
action  was  investigated  by  Davy  (1809)  at  the  Cliilon  Pulmonic  Inati* 
tution. 


Constitution 


0 


N 


14 


14 


E  = 


16        =^ 


N,:0 


44 


or  22. 


Preparation* — (l-)  By  the  action  of  iron  filings  on  nitric  oxide 
(NcOsf).  (Priestley.) 

(2.)  By  heating  ammonic  nitrate  at  a  temperature  of  470"  P. 
(243°  C).     (Berthollet  and  Davy.) 

N.B. —  Htb^  l€roi>erature  be  above  600°  F.  (260"*  C)  other  ohanges  oc«ur,  nitrw 
oxidtf  and  rviUogen  being  (evolved,  and  u  mixture  of  aiijmoaic  nitrite  and  nitnite  iwb- 
Uming*     If  iimihonic  thloiiJe  be  pr«a«nt,  the  N/J  will  bo  contaminated  with  cMun99* 

NH4,N0:j         =      2H.0       -f  N^O 

Amiiionie  nitrate        ^        Water        -jh         Nitrous  oiide 

[NO,(N-n,0)      ^      20H,      +  ON,] 

It  may  alao  he  preparer!  by  heating  ammonia  chloride  with  dilute 
nitric  aiid  (Sp.  Gr*  1*2), 

(3  )  By  the  action  of  veak  nitric  acid  (Sp.  Gr.  1*2)  on  granulated 
zinc  (Grotthus.) 

IOHNO3    +    Zn^   ^    4(Zn2N03) 
Kitric  ftcid    -J-     Zinc    :=    Zintic  nitrate 
r  (NO, 

IONO4H0  +    Zn4   =  4<  Zno' 

(4,)  By  decomposing  nitric  acid  with  a  hydrochloric  acid  aoluttd 
of  stannous  chloride. 

(5.)  By  passing  nitric  oxide  (N^Og)  through  a  solution  of  sulphurous 
anhytlride, 

When  the  gas  M  required  for  inhalation  it  should  h«  purified  by  iwftsing  it  0ift 
throtigh  a  potash  solution  to  get  nd  of  ocid  TapouTB,  and  then  through  a  fwnm 
eulpbftte  eoliition  to  get  rid  of  nitric  oxido. 

Properties. — (<t.)  Semihle. — A  sweet-tasted  gas,  without  color  or 
odor. 


5n„o 

Water 


+   50H.,   -h 


N,0 

Nitrous  oxide 

ON,.] 
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(/3.)  Physiological. — ^When  breathed  it  induces  tranBieiit  intoxication, 
with  strong  muscular  exertions  and  uncontrollable  laughter  (laughing 
gas).  If  the  inhalation  be  continued  it  produces  complete  anaesthesia, 
brief  as  to  time,  and  harmless  as  to  after  effects.  The  liquid  and 
solid  nitrous  oxide  blister  the  skin  when  brought  into  contact  with 
it.  (Davy,  Eoget,  Southey,  Kiogslake,  Wedgewood,  etc.). 

(y.)  Physical. — It  has  a  specific  gi-avity  of  1*527  (calculated  1-522) 
— 100  cubic  inches  weigh  47*34  grains  (or  as  calculated  47*18  grains), 
and  1  litre  1*971  grms.  At  a  temperature  of  45°  F.  (7°  C),  and  under 
a  pressure  of  50  atmospheres  (SOOlbs.),  it  becomes  a  colorless  liquid, 
having  a  specific  gravity  of  0*908,  and  boiling  at  —126°  F.  (—88°  C). 
It  has  the  smallest  refracting  power  of  any  known  liquid  (Faraday). 
When  the  liquid  is  exposed  to  the  air  its  evaporation  is  so  rapid  that 
it  freezes  itself,  becoming  a  white  flaky  solid  which  melts  at — 148°  F. 
( — 100°  C. ).  If  liquid  nitrous  oxide  be  dissolved  in  carbonic  disulphide 
and  evaporated  "in  vacuo,"  the  lowest  known  temperature  is  pro- 
duced ( — 220°  F.)  It  is  decomposed  when  heated  in  a  porcelain  tube 
or  when  exposed  to  the  action  of  electric  sparks. 

The  gas  is  freely  soluble  in  water; — 100  volumes  at  32°  F.  (0°C.) 
absorb  30  volumes  of  the  gas  ;  at  60°  F.  (15*5°  C.)  it  absorbs  78  volumes, 
and  at  75°  F.  (24°  C.)  60  volumes.  It  is  more  soluble  even  in  alcohol, 
in  ether,  and  in  the  volatile  oils,  than  in  water. 

(3.)  Chemical.—  Nitrous  oxide  is  a  neutral  body  without  action  on 
litmus  or  turmeric.  It  is  not  combustible,  but  supports  combustion. 
A  taper,  phosphorus,  charcoal,  and  sulphur  burn  in  it  as  vividly  as  they 
do  in  oxygen.  It  is  essential,  however,  that  the  combustible  body 
should  be  burning  freely  when  introduced,  as  otherwise  the  tempera- 
ture will  be  insufficient  to  decompose  the  gas,  this  being  a  necessary 
condition  to  render  it  a  supporter  of  combustion. 

Nitrous  oxide  may  be  known  from  oxygen  as  follows : — 

(1.)  It  does  not  form  red  fumes  with  nitric  oxide. 

(2.)  It  is  very  much  more  soluble  in  water. 

(3.)  It  is  not  absorbed  by  potassic  pyrogallate. 

(4.)  When  phosphorus  is  burnt  in  it,  the  residual  gas  (nitrogen)  is 
identical  in  volume  with  that  of  the  original  gas,  for — 


N 

N 

^ 


NgO 


whereas  this  is  not  the  case  when  phosphorus  is  burnt  in  oxygen. 
With  hydrogen,  nitrous  oxide  explodes  volume  for  volume — 


Nj:  0 

+ 

H;  H 

= 

Hji  0 

+ 

N  1  N 

In  this  manner  the  composition  of  the  gas  may  be  proved  and  its 
quantity  in  mixture  estimated. 
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On  the  mehifa  nitrous  oxide  has  no  action  in  the  cold,  but  the  alka- 
line metals,  as  well  as  zinc  and  iron,  when  heated  bum  in  it  freely. 
If  potassium  he  burnt  in  the  gas  the  nietal  becomes  oxidized,  and  l^h 
will  be  noted  that  the  bulk  of  nitrogen  that  Tenmins  when  the  coml^ 
bustion  is  corapletPj  will  be  equal   to  the  hulk  of  the  gus  originally 
emph>3-ed.  ^^ 

Uses, — In  mediane  it  19  used  as  an  anfBstlietic.  It  is  moat  importanj^^ 
that  the  gas  for  this  purpose  should  be  pur©  and  well  washed  ii^^ 
potasBic  and  ferrous  sulphate  solutions* 

In  tkf  laboratory  the  intense  cold  produced  by  the  action  of  carbonic 
disulphido  on  its  solid  or  liquid  form  is  valuable  in  research.  ^_ 

Hyponitrons  Acid  (nNO  -  3i).  (Nno.)  * 

This  acid  has  never  been  isolated.     If^  however^  an  alkaline  nitrati 
he  treated  with  sodium  amalgam^  a  nitrite  is  first  formed  (^aNO^ 
which  is  afterwards  further  reduced  to  the  state  of  hypo  nitrite  (NaNOJ 
On  neutralizing  the  alkaline  solution  with  acetic  acid,   and  add  in 
argentic  nitrate,  a  yellow  precipitate  of  argentic  liyponitrite  (AgN( 
IB  formed.     The  sodic  hyponitrite  eolutioa,   heated  with   acetic  acid,^ 
givea  off  nitrous  oxide*     (Divers,  P.K  S.,  187L) 


Nitric  Oxide  (NgOg). 

Molecular  weighty  60. 


(So  «'  'N"A.) 


weigh  f ,  ( H  =  1 ),  15.      Speafir   g  ra  viti/f 
82*21  gr^.y  and  1  litre  1'344  gnm. 


NO 
Mokadar  volume  (anomalous) 
1-039. 


I 


Melatt 
100  cubic   inches  wei^h 


^at^M 


+ 

+ 


4H,0 

Water 


Synonyms, — I^^itrom  gas   (Priestley) ;    Binoxide  and  Deutoxide 
Nitrogen  ;  Nitrogen  Dinoxide ;  Aiotgl^  NitromfL 

Preparation,^-(l.)  By  the  action  on  copper  (with  or  without  hea^ 
of  dilute  nitric  acid  (Sp.  Or,  1*2).      Other  metak  may  be  used  inst 
of  copper,  such  as  lead,  mercury,  silver,  bismuth,  etc.i  hut  in  these 
cases  a  stronger  acdd  is  required, 

3Cu      +     8KNOs     =      aCuNA 

Copper     -f-     Nitric  acid    ^     Cupxic  nitrate 

(NO, 
3  {  Cuo' 

Ino, 

(2,)  By  decomposing  nitre  with  ferrous  chloride  or  with  ferrou^^ 
sulphate  in  their  respective  acid  solutions.  ^| 

(ciO  6FeCa^+  8HC1  +  2KNO3  ^  aFeaClg  +4H„0+2Ka+  N^ 
Ferroim  +  Hydro-  +   Potasittc    =    Ferric      +  Water-f  PotaBsio-|-  Nit 
chloric  add       nitrate  chloride  chloride 

^^9' t  ^  40Ha,+  2KC1  +  IT.O. 


[sCu 


+  eiTO^Ho    = 


+    40n.  + 


Nitric  ozido. 


f 


cMoride 
ereClg  +  SHCl  +2NO,Ko=3 


iFeCl, 


KITBOOEJ^ — 001 


(/5.)6FeSO,+ 5H^S0,  +  2KN03=3(Fe,3SO,)  +  2HK80,  +  4H,0  +  N,0, 
FeiTOut  -|-  Stilphuric  -f  Potossic  =^  Ferric  -f-  Hjdrir  i»offt9-  -j-  Water  -f  Nitrio 
flulphate  aoid  nitmte        aalphare       sic  sulphate  ojiide, 

(3.)  By  passing  ammoiua  gas  over  heated  manganic  peroxide. 

5MnO^  +    2NH,    =        5MnO         -f  SH^O  +     N^O^ 

tfftnganic  peroxide-f-  Ammonia  ^  Mangantmi  oxide  +    Water  +  Nitric  oxide. 

[5Mn(X       +    2NH3  =       SMnO       -f  30II«  -f   'N'AO 

Properti6S.*— (a  )  Sensihh  and  phif6wlngkaL — ^A  colorless  gas  having 
a  strong  and  disagreeable  odor.  It  produces  violent  irritation 
when  breathed  (Davy).  It  destroys  life  if  respired  for  more  than  a  few 
seoonds* 

(/3.)  Phtf&kaL — ^Nitric  oxide  consiate  of  equal  volumes  of  nitrogea 
and  oxygen  united  without  condensation.  That  is,  2  vols,  of  NO, 
weighing  30,  consist  of  1  volume  of  N:=14,  and  1  volume  of  0=16. 
It  follows,  therefore,  that  NO  and  nut  N^O^  is  its  true  formula. 


^ 


N  :  N 


O  ?  0 


NO 
NO 

WO 
NO 

¥ 


Its  specific  gravity,  both  by  experiment  and  by  calculation  (15  x 
0-0693)  is  1-039.  100  cubic  inches  weigh  32-21  grains,  and  1  litre 
1*344  grms.  It  cannot  be  liquefied  by  cold  or  by  pressura  It  is  the 
most  stable  of  all  the  nitrogen  oxides,  and  is  consecjuently  the  oxide 
most  commonly  formed  by  the  decompoeition  of  the  other  oxides. 
For  neither  a  red  heat  (or,  indeed,  any  heat  short  of  a  white  heat) 
nor  electric  sparks  decompose  it  when  the  gaa  is  quite  dry,  although 
in  the  presence  of  moisture  both  heat  and  electricity  decompose  it,  1 00 
volumes  of  water  dissolve  5  volumes  of  the  gaa,  and  100  volumes  of 
alcohol  27  4  volumes. 

(y,)  Chemical. — Provided  no  free  oxygen  be  present,  nitric  oxide  is 
neutral  both  to  litmus  and  turmeric.  It  neither  burns  nor  supports 
combustion  unless  the  combustible  body,  when  introduced,  be  burning 
sufficiently  energetically  to  eflFect  its  decompofiition.  Under  such 
circumstances  carhon  burns  in  it  freely,  forming  nitrogen  and  carbonic 
anhydride ;  and  also  phospkomSj  leaving  pure  nitrogen. 

Its  special  characteristic  is  its  affinity  for  oxygen.  The  red  fumes 
of  nitrous  anhydride  (N^O^)  and  nitric  peroxide  (N^O*),  formed  by  its 
combination  with  oxygen,  distinguish  it  from  all  other  gases.  The 
proportions  of  these  two  gases  formed  when  nitric  oxide  is  mixed 
with  oxygen  vary,  and,  inasmuch  as  they  have  different  sol ubili ties, 
it  is  not  possible  to  estimate  the  oxygen  accurately  in  any  mixture  by 
this  means  (see  page  97),  It  has  no  action  on  hydrogen  at  ordinary 
temperatures.  A  mixture  of  equal  volumes  of  hydrogen  and  of  nitric 
oxide»  bums  when  ignited,  with  a  green  flame,  but  without  explosion : 
whereas  a  mixture  in  like  proportion  of  hydrogen  and  Bilious  Q^3i 
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explodes.  Wlien,  however,  a  mixture  of  nitrio  oxide  and  hplrogKt 
is  passed  over  heated  platinum  blaok,  ammoma  is  formed! 
(K/>£  +  5H^^^2NIl3-|-2nj:)}.  :Mixod  with  the  vapor  of  carbonic  di-1 
Bul[)hide  it  burns  with  an  intensely  white  light. 

Potassium  aud  sodium,  when  heated,  burn  in  the  gas.     It  i<  also  j 
decomposed  in  the  presence  of  molwture  hy  red-hot  irun  and  tin,  the 
residual   gas   (nitrogen)  eotiatituting   in   each  case   one-half  of  tba  ' 
original  gas.     Moist  iron  and  moiat  zinc  slowlj  decompose  it,  nitrouB 
oxide  (NoO)  being  formed. 

Solutions  of  ftiTom  and  chromotts  salts  absorb  it  freelji  forming  a 
dark  olive-brown  compound,  cons^isting  of  four  parts  of  a  ferrous  or^ 
chromous  salt  with  two  parts  of  nitrous  oxide  (4Fe804,N20,)  (Peligol),  , 
These  solutions  absorb  oxygen  freely,  and,  when  heated,  evolve  tiietr  j 
nitric  oxide  unchanged. 

Other  metallic  salts  (such  as  stannous  and  mercurous  aalts)  also 
absorb  the  gas,  but  with  mutual  decompoBition.  They  cannot  there- 
fore, as  in  tho  case  of  I'errous  and  chromous  salts,  yield  the  nitrio 
oxide  after  absorption  in  an  unchanged  state. 

The  gas  is  absorbed  by  nitric  acid,  a  red,  green,  or  blue  solution 
resulting,  the  color  depending  on  the  dilution  of  the  acid.  Pro- 
bably in  these  eases  a  biglier  nitrogen  oxide  (N^O^)  is  formed.  | 

Nitric   oxide  has   a    biiFiylous    character,    and,    like   the   alkaline 
metols»  is  capable  of  replacing  hydrogen  in  many  compounds.     Thus^ 
like  sodium,  it  will  replace  one  of  the  hydrogens  of  alcohol : — 
C^H^COH;  —       C^H^CONa)       —    C,H3(0(N0)), 

Alcohol        —        Sodic  othylat*        —        Nitrous  ether. 

Nitric  oxide  forms  two  chlorides,  viz.,  cldoride  of  azotyl  or  nitrosyle  ' 
(NOOl)  and  hiehloride  of  azotyl  (NOCl^).  Corresponding  to  sodic 
oxide  (NajjO)  there  is  an  oxide  of  nitric  oxide,  viz.,  nitrous  anhydride 
[N£05  or  (K0)20]  i  corresponding  to  sodic  hydrate  (NaHO),  there  is 
nitrous  acid  ((NO)HO) ;  and  corresponding  to  hydric-sodic  sulphate 
(NaHSOO  there  is  (N0)n804. 

Its  only  use  is  in  chemistry,  as  a  test  for  the  presence  of  free  oxygen. 

(WO 
Nitrous  Anhydride  (NA)s  0 

IN' 0 

MoUmdar  weiQhi  {prohahU)^  76.      Mohcular  volume,   (probable) 
L  J5p€ci/c  gtxiviii/  (theordic)  2*63. 

Synonyms.    Nitrous    add    (L>avy,    Graham,    Gmelin,    Berzelius, 
Miller) ;    Ftr nitrous   acid   (Guy  Lussax:') ;    JJt/pouitrous  acid   ^Tumeri 
Brande,  and  Liebig) ;  Ntiroua  oxide  (Watts)  j  Nitric  irioxide  (Kosooe) 
Nitrogen  triojide  (Fownes,  Eoscoe). 

FteparatiOE*  (l-)   By  mixing  four  volumes  of  drif  nitric  oaude 


« 
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(NjOj)  with  one  yolume  of  dry  oxygen,  and  cooling  the  mixture  to 
0°F.  (— 18°C.),  (NA+0=N203). 

(2.)  By  the  action  of  arsenious  anhydride  upon  nitric  acid. 
A8,0s         +  2HN03==  AeA      +H2O    +         N^O^ 

Arsenious  anhydride+Nitric  acid=Ar8emc  anhydride  +  Water  +  Nitrous  anhydride. 

[ASjO,       +2NO,Ho=        ASjOj    +  OHj+        NA] 
(3.)  By  the  action  of  strong  nitric  acid  on  silver. 

6HN0,    +    2Ags   =        4AgN0,       +    3HjO  +  NA 

Nitric  acid  4-  Silver  =  Argentic  nitrate  4-  Water  +  Nitrous  anhydride. 
[6NO2H0  +    2Agj   =     4N02Ago       +    3OH2  +  NA 

(4.)  By  heating  together  one  part  of  starch  and  eight  parts  of  nitric 
acid  (1*2  specific  gravity). 

Properties.  («•)  Sensible  and  physical. — A  deep  red  gas,  condensing 
at  0°  F.  (^— 17*8  C.)  to  a  blue  liquid,  which  evolves  red  fumes. 

(/3.)  Chemical, — Nitrous  anhydride  combines  with  sulphurous  an- 
hydride to  form  white  flakes,  such  as  occur  in  the  oil  of  vitriol  leaden 
chamber  (SOg  +  NgO^).  The  gas  is  soluble  in  nitric  acid,  forming  a 
colored  solution.  By  the  action  of  a  little  ice  cold  water  on  the  gas, 
nitrous  acid  is  formed,  the  liquid  becoming  blue  (N3O3+ H20=s2HN02). 
This  acid  is  a  very  unstable  body,  the  addition  of  an  excess  of  water 
even  at  ordinary  temperatures^  decomposing  it  into  nitric  acid  and  nitric 
oxide  (SNjOa  +  H«0=2HN03 + 2N2O2). 

Nitrons  Acid  (HNO^)  (NOHO). 

Molecular  weighty  47. 

Preparation. — (l-)  By  mixing  a  little  ice  cold  water  with  nitrous 
anhydride — 

N2O3  +       n^o       =         2HNO2. 

Nitrous  anhydride        -f        "Water        =        Nitrous  acid. 
[N2O3  +  OH2        =  2NOH0.] 

(2.)  By  the  oxidation  of  ammonia;  as,  e.g.,  by  placing  a  red-hot 
platinum  wire  in  a  mixture  of  air  and  ammonia  gas,  or  by  shalting  up 
a  few  drops  of  ammonia  solution  with  metallic  copper  in  a  bottle  con- 
taining air.    (Schonbein.) 

Properties. — Nitrous  acid  is  an  ill  defined  and  unstable  compound. 
It  forms  salts  called  nitrites.  Of  these  salts,  as  of  the  acid  itself,  our 
knowledge  is  imperfect.  Potassic  nitrite  (KNOo)  is  obtained  by 
heating  potassic  nitrate  (KNO3)  so  as  to  drive  off  some  of  its  oxygen. 
Nitrous  acid  fmparts  the  red  color  to  nitric  acid,  acquired  by  it  on  ex- 
posure to  light.  It  is  decomposed  by  water  into  nitric  acid  and  nitric 
oxide. 

The  acid,  as  well  as  acidulated  solutions  of  the  nitrites,  acts  both  as 
a  reducing  and  as  an  oxidizing  agent;  thus  — 

(a.)  As  an  oxidizing  agent  (4HN02=2NA  +  2H80  +  02)  it  de- 
colorizes  indigo,  converts  ferrous  into  ferric  salts,  oxidizea  \o4.\^^%, 
and  liberates  iodine  from  potassic  iodide. 
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(0,)  Ab  a  reducing  agent  {2HK03+08=:2HNt)5)  it  acts  on  per- 
manganates and  chromatefl,  and  seta  free  metallic  gold  and  mercury 
from  their  combinations. 


Nitric  Peroxide  {N,0,  or  NO,)  j  gg^  or  TTi^O^. 


I    [    I    or 


I 


Speci 


Molecular    weighty  92;    Molecular  volumfj 

graviii^  at  309'2  R  (154"^  C.)=l-58.     1  litre  weighs  (0*0896  x  23)=:2*06 
grms.,  or  (0'0896x  46)=4*12  ^rww, 

SyQOHyillS.  N'itrms  acid  (Turner,  Brande,  eto.)  ;  Hyponiiric  acH 
(GmL4in )  ;  Nitrons  gas  (Bcrzelius) ;  Peroxide  of  nitrogen  (Graham, 
Odling,  etc);  Pirnitric  nride*,  Nitrogen  tetroxide  (Eoscoe);  Niirjfl  (bo- 
cause  of  ita  baejloua  action)^ 

History* — First  obtained  by  Davy  by  mixing  nitric  oxide  with 
oxygon,  J 

Preparation,  (lO  ^7  ^^^^^g  two  parts  of  nitric  oxide  mth  onfl 
part  of  oxygen*    The  mixture  must  be  passed  into  dry  and  ice  cold 
tubes  (P^ligot). 

(2,)  By  heating  very  dry  plumbic  nitrate,  {The  NgO^  in  this 
process  is  mixed  with  one-fourth  its  volume  of  oxygen). 


2(Pb2N03)     = 
Plumlib  nitrate     ^ 

(NO, 
2  {  Pbo" 


2PbO 
Plumbic  oxide 


2N,0« 
Nitric  pGTOxide 


+ 


=        2PbO      + 

(no, 

(3.)  By  the  action  of  tin  on  nitric  acid. 

+    20HNOs    =    Sd50jo,5H^.O     + 
H-     Nitric  acid     ^     Metaatannic  &<-id     + 

4-  20N02Ho=     SiisO^.Hfiio     + 


2'NV04 


8n5  +  20HNOs  =  Sd50jo,5H^.O  +  5H.0  + 
Till  H-  Nitric  acid  ^  Metaatannic  ik<-id  +  Water  + 
[8D5  4-   20N02Ho=     SiisO^.Hfiio      +  ^OH.    + 

(4.)  By  the  action  of  nitryl  chloride  on  argentic  nitrite- 

NO.Ol         + 

Nitryl  Ciiloride    + 
[NO.Cl         H- 


0,. 
Oxygen. 

0.] 


lON.O^. 

Nitric  peroxide. 


AgNO,       = 

Arf^entic  nitrite    ^ 
NOAgo        -= 


JVgCI 

Argentic  chloride 

AgCl 


+ 


Nitric  peroxide, 

'N'70,] 

Properties^— (aO  Sfusihte  rmd  Phf/siohgii'aL — A  brownish,  red  gas, 
very  irritating  when  inhaled.     It  stains  the  ekin  a  yellow  colour. 

(ft,)  Pfit/sicaL — ^Ita  relative  weight  (i.e.,  its  weight  compared  with 
hydrogen  at  the  same  temperature)  dimiiHshes  with  a  rise  of  tem- 
perature. At  276^  F,  (13&^C/)  it  is  23  times  as  heavy  as  hydrogen; 
therefore  the  molecule  at  this  temperature  is  46  (23x2),  and  ia  ex- 
pressed  by  the  formula  N Ok;  ;  but  as  the  temperature  is  lowered^  its 
speciOo  gravity  increases,  and  no  doubt  under  sueh  circumstances 
.I^Mi  (whioh  at  hisrher  temperatures  is  decomposed  into  21* 


I 


zrrnto<3S2r — c?ompot7»D8  with  oxyobn. 
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presses  lia  molecular  state.    Actual  experiments  give  tlie  folloiniig 
results  (Deville  and  Troost)  : — 

I  At     80-0°  F.  (  26-7^  C.)  Specific  GraTity  2-65.  ■ 

„    UOr  F.  (  60-2^  C.)  „  208.  ■ 

,,   1770^  F.  (  80*e*^  C.)  „  1 80,  I 

„    2r2l*  F.  (lOO'PCO  „  1-68.  ■ 

„   309  2^  F.  (154  0°  C.)  „  1-68.  1 

»,    361*7°  F.  (183  2^0)  ,,  1*57. 

Thus  it  woixld  seem  that  the  molecule  of  nitric  peroxide  is  differently 
constituted  at  different  temperatures, 

Actimi  of  htat, — When  the  gas  is  perfectly  diy.  a  cold  of  0°  F, 
( — 17'8°  C.)  condenses  it  into  colourless^  transparent,  prismatic  crystals. 
These  crystals  melt  at  14^  F,  { — 10°  C),  forming  a  colourless  liquid, 
which,  at  16"^  F.  ( — 9°C,),  becomes  yellowish  green,  and  gradually 
deepens  in  color  as  the  temperature  rises  to  71*6*  F.  (22*6*^0.),  when 
the  liquid  boils.  The  liquid  has  a  specilic  gravity  of  1  '451 ,  and  cannot 
be  solidified  a  second  time  at  a  temperature  above  —22'^  F.  ( — Z\fQ,y 
By  the  action  of  heat  on  the  vapor  it  becomes  gradually  darker 
until  at  104*"  F,  (40°  C.)  it  is  almost  black.  It  is  decomposed  by 
electric  sparks^  and  by  a  temperature  above  a  red  heat.  The  action 
of  water  upon  it  will  be  studied  under  its  chemical  properties. 

(y,)   ChemivaK — Nitric  peroxide  reddens  litmus.     It  was  long  con- 
sidered an   anhydride,   but  it  always  forms,    when  decomposed   by 
I  bases,  a  mixture  of  a  nitrite  and  a  nitrate. 
It  does  not  support  the  combustion  of  bodies  unless  they  be  burning 
energetically  when  introduced.     Chlorine  combines  with  it  indirectly 
but  not  directly,  to  form   an  oily   liquid   called  chloride   of  nitryl 
(NO.Cl). 
When  a  mixture  of  the  gas  and  hydrogen  is  passed  over  spongy  J 
platinum,  the  nitric  peroxide  is  deeompoBed  with   elevation  of  tem-1 
perature,    water   and  ammonia  being  formed  (N50>+7H,^.=2NHj+ 
41120),     When  a  mixture  of  sulphuretted  hydrogen  and  the  gas  is 
similarly  treated,  water  and  ammonia  are  formed,   and   sulphur  ia 
I       precipitated  (NA  +  7H5S=r2NH^+4H.OH-7S). 

^_       Its    action    on    water  is    remarkable.     1£   a  trace  of  moisture  be 
^p  present  when  the  gas  is  first  prepared  and  subjeoted  to  the  freezing 
^^  mixture,  it  forms  a  green  liquid,  having   the   probable   formula  erf 
(KjOa.N.OgH^O).       This  liquid  turns  yellow  at  14''F,  (—10^  0,),  and 
becomes  red  at  ordinary  temperatures.  It  freezes  at — 40^  F,  ( — ^40°  C), 
and  boils  at  82"^  F,  (28^0.).     Like  the  liquid  nitric  peroxide,  it  freely 
evolves  red  fumes  at  ordinary  temperatures.     But  if  a  very  little  ice- 
cold  water  be  added  to  the  liquid  nitric  peroxide  at  (P  F,  ( — ^178  C), 
^^  two  liquid  layers  are  immediately  formed,    the  upper  layer  being  the 
^B  least  coloured,  and  consisting  of  nitric  acid,  and  the  ioiver  laj/er,  the  most 
^B  coloured,  consisting  of  nitrous  acid  and  nitrous  anhydride. 


3N«0^      +  2IL0  =  3HNO3   + 
Nitric  peroxide  -f   Water  ^  Niirieacid   + 

SN.O^       4-  OH.  =.  3NO,Ho^ 


N,0, 


HNf\     + 
Nitrcms  ruid  +  Nitron  8  titih^dnd^* 

NORo    +         U^O,. 
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If  at  this  low  temperature  more  water  be  added  to  tlie  liqui 
BotMng  but  nitrous  aud  aitric  acids  will  remain ; — 

N,0^  +        H^O       ^         HNO3         4-  HNOj 

Kitric  peroxide        +         Water        ^        Nirric  acid         -j-         NitTooA  add. 

[NoO,  +       OH,       =       NO.Ho       +         NOno.] 

If  water  be  added  to  the  liquid  peroxide  at  or  dinar  t^  temperatures,  the 
BolutioB  paases  through  varioua  shades  of  color,  viz,,  orange,  yellow, 
green,  and  blue,  finally  becoming  colorless,  an  escape  of  nitric  oxi' 
taking  place  all  the  time. 


3N„04 

+ 

2H,,0 

= 

4nN0, 

+ 

NA: 

Kilric  peroiida 

+ 

■Water 

= 

Nitric  acid 

+ 

Nitrify  oxide. 

[3N,04 

+ 

20H, 

= 

4NOjHo 

+ 

NA] 

1 


ae 

1 


Thus,  it  would  eeem  that  a  variety  of  decompositions  may  be  effect 
aocordiog  to  the  proport^ions  of  water  mixed  with  the  nitric  peroxidi 
and  the  temperature  at  which  the  water  ia  added,  but  that  iu  evei 
case  nitric  acid  is  formed.     These  reactions  may  be  thus  tabulated 


4NjOj    +    n^o 


CV>WoO*F.(-l7'4°C.)J  3N,0,    +   2H,0 


=    2HX03 
Kitric  acid 

=    3HN0, 
Nitiic  add 


+      N,0,      +     2X, 

Kitrifl  Nitroui 

Bu hydride    anhj? 
-h      HNO,     +      N,Oj 
Nitrous  add     Nil 


Ordinary   tfimpH'^turet    SNfi^ 


3n,0    =s    3HT^0: 
2H,0 


Nitric  add 

^    4HN0, 
Niirie  add 


Nitrous  add 
Nitric  ojtide 


anbydiide 


i^ 

n 


Action  of  Adds. — Sulphuric  acid  absorbs  the  gas,  forming  with  it  a 
CTystttlline  comjiound  {2H2S04,NeO,|803).      Nitric    acid  dissolves  it, 
and  forms  the  deep  red,  greeti,  and  blue  liquids^  called  in  comme: 
**  nitric  acid  fortissiiiius,*'     The  color  of  these  liquids  is  destroyed 
diltition.     Hydrochloric  acid  forms  with  it  several  chlorinated   com- 
pounds. 

Action  on  the  Metah  and  their  Compounds. ^^'M.ost  metals  are  oxidized 
by  it     Potassium  takes  fire  m  it  spontaneously.     Iron  decomposes 
at  a   red    heat,   ovolving   nitrogen.     Potassium,  lead,  mercury,  e 
form  a  nitrate  with  the  liquid  peroxide,  nitric  oxide  being  expelled 

(2Nc,0^  +  IC=2KN03+NA)'     With   metallic  oxides  and   Lydrai 
a  nitrate  aud  a  nitrite  of  the  metal  are  formed ;— 


N,0, 


2nK0 


KNO,     +      KNO,     +  H.O. 


Nitnc  pero3cide-f  P'jtae.'fic  ljTrdratc^r*wta8,HiL'  nitrate -f-Potasaic  nltrite^-Wat^r. 

[NnOj       +       20K1I     ^      NO.Ko   +     NOKo   +  OH^.] 
Action  of  Organic  lindies. — In  8ome  cases  nitric  peroxide  combines  < 
reetly  with  the  organic  body  ;  thus  C^H^^f  Jni///*?Mf)  +  N5jOi=C,iri(jN^03 
In  other  cases  it  rexjlacea  hydrogen,  forming  nitro — compounds  wl 
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ire  often  explosive.  They  are  produced  by  the  direct  action  ot  faming 
nitric  acid  (mixed  with  sulphuric  acid  in  order  to  inoFease  its  strength) 
on  the  organic  body.     The  following  are  illustrations:—* 


Nitro  compoundi. 


forma 


^m  Glycerine  C^H.O^        „      C3H,3(xVO,)Oj 

^m  Manmle  CaH„0«         „      C;H,6{N0J0^ 

^m  CeUulose  C,0,^0,         „      CJ^,2(N0J0, 

^^     The  only  use  of  the  nitric  peroxide  is  as  an  agent  in  the  sulphuric 
ac'id  manufacture. 


Nitro-benxole* 

Dinitro-benjsole. 

N  itro*  napthalene. 

Nitro-glycerine. 

Nitro*mannito« 

Nitro^cellulose. 

Xvloidin. 


GEXERAli  EeMAJIKS  OX  THE  OxiDES  OF  NmiOOEIf. 

Before  we  proceed  to  examine  the  next  oxide  of  nitrogen,  it  is  well 
lat   we  should  generalise    on    the    facts   relative  to  the   oxides  of 
itrogen  that  we  have  thus  far  investigated,     Note»  then — 
(1.)  That  the  proportions  of  oxygen  in  the  series  advance  in  a 
Tegtilarly  ascending  order^ — NaO,  N^^O^,  NnOj,  N^O^. 
(2.)  That  the  names  of  the  oxides  are  very  confusing, 
(3.)  That  they  have  all  been  discovered  since  the  time  of  Priestley 
gl776). 

P    (4.)  That  none  of  them  have  been  found  in  nature  in  a  free  state, 
and  that  only  one  (viz.^  N^O^  as  nitrites)  has  even  been  found  com* 
ibined. 

(6,)  That  they  may  all  be  prepared  by  the  deoxidation   and  de- 
bydration  of  nitric  acid,  and  that  two  of  them  (viz.,  NgOj  and  Nfi^) 
ay  be  prepared  by  the  oxidation  of  N^Og, 
This  may  be  shown  thus ; — 

2  jrSi\  —mo  =lNr.,05  Nitnc  anhydride. 

2  HNO3  — HgO  ---0   =N^,0^  Nitric  peroxide. 
2  HNO3  —Kfi  —Go  =NJJ5  Nitrous  anhydride. 
2  HNOa  — H^O  — O3  ^N^O.^  Nitric  oxide. 
2  HNO3  — H^O  — O4  =N,0  Nitrous  oxide. 
W©  may  thus  summarize  the  preparation  of  the  nitrogen  oxides  : — 

(L)  NjjO^  is  prepared  by  the    action  of  pkospkoric  anhtfdride    on 
itric  acid. 

6  HNO^  +  PA^SHaPO^  +  aN^Oj. 

(ii-)  NjO^  is  prepared  by  the  action  of  tin  00  nitric  acid. 
20HNO,,+Sn5^SD50jo,  5H^O  +  5HgO+  lONA- 
(iiL)  NgOj  is  prepared  by  the  action  of  stiver  on  nitric  acid. 

6HNO3 + 2Ag,  =:!  AgNO^  +  3H,0 + N2O3. 
(iv,)  NgO.^  is  prepared  by  the  action  of  copper  on  nitric  acid  (Sp.  Gr. 
1*25). 

aHNO, + 3Ca = 3  CuN^O^  +  4n^0 + N^Oj. 
I 
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(v.)  N«0  18  prepared  by  the  aotion  of  zinc  on  nitric  acid. 
10HNO^-f-4Zn=4ZnNA+5H4O+N2O. 

(6.)  That  they  are  all  gases^  the  first  two  of  the  series  (vise 
and  N/JjJ  being  colorless^  and  the  last  two  red.     One  (viz.  N^O}! 
respirable,  and  the  others  are  irrespirabie. 

(7,)  That  their  specific  gravities  determine  their  molecular  cons 

tution.  The  molecular  volume  of  NjO^  is  anomEtlous 


be,  therefore,  more  correctly  NO  j  whilst  in  N^O*  the  molecule  is  dif- 
ferently constituted  at  differont  temperatures. 

(8.)  By  an  intense  cold  tbree  of  them  maybe  liquefied  and  solidi- 
fied ;  viz.,  NjO,  N^O^,  and  N^O^.     ^g'^\  is  ^  permanent  gas. 

(9.)  At  high   temperatures    they  may   all   be  decomposed,  whflfl 
combustible  bodies  burn  in  them. 

(10.)  Aitiou  of  Metah, — They  are  aU  decomposed  by  the  alkalme 
metals,  and  also  by  iron  and  zinc  when  heated  in  contact  with  theuL 

(11.)  Action  of  Water,— The  first  two  (NgO  and  N^O^)  of  the  serisi 
are  soluble  in  water,  whttst  the  remaining  two  (viz.»  NgO,  and  N^O^) 
are  decomposed  by  it,  and  are  converted  into  nitric  acid  and  into 
other  oxides,  viz.,  N^O^,  N^Oj,  N-P^,  and  IINOo. 

(12.)  Action  of  Acids, — Sufphmic  acid  is  without  action  upon  them, 
Suiphuric  Qtilif/dnde  unites  with  N^O^  and  N2O4  to  form  the  white  flakes 
of  the  oil  of  vitriol  leaden  chamber,  citric  acid  forms  dark  colored 
liqniils  with  N.O,,  N..Os,  and  NJ\ 

(13.)  Two  of  them  (viz.  l^JK  and  KiO^)  are  basylous  in  charadeFi 
either  (a)  combining  with  chlorine  to  form  chlorides  (as  e.g,^  NoO^), 
or  (/5)  displacing  hydrogen  in  organic  compounds  (as  ^.^.,  Kj-O^)* 

(H»)  Nitrous  oxido  is  used  as  an  anrosthetic,  but  the  other  members 
of  the  series  have  little  use  other  than  the  part  they  play  in  the 
manufacture  of  oil  of  vitriol. 

(15.)  They  all  set  iodine  free  (like  ozone)  from  potassic  iodide. 


Nitric  Anhydride,  NA=108(NA)- 

Mokadar  weight  (prohahk)^  108.      Moleeular  vohime  {prohahlt)  |    \~\^ 
Melts  at  85^  F.  (29*5°  G)     Boih  at  113°  F.  (dS*'  0.) 

History* — First  prepared  by  Deville  in  1848. 
Preparation,  (l*)  By  passing  very  dry  chlorine  over  hot  argenti 
nitrate  (Deville). 


4 

I 


4AgN0,  + 

Argfiilic      -f 
nilmlo 

[4NO.Ago4- 


Chlorino        ^ 


4AgCl 
Arjyjonn'c 
chioride 

4AgCl 


+ 


2N.0, 


0,, 
Oxygen. 


Mtric 
fttihydrid© 

2Ci^       ^     4Agci     +    mp^    +     0^]. 

The  silver  salt  must  be  first  heated  to  about  200°  F.  (93*5*^  C.)  and 
afterwards  kept  at  150°  F.  (65-6^  G.)  The  products  ar©  to  be 
condensed  in  a  cold  receiver. 
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(2,)  By  passing  tlie  vapor  of  chloride  of  aajotylo   over  argentic 
trate  heated  to  140^  F,  (60°  C.) 

NO«CI         +      AgNOs      =        AgCa         -f         Nj05. 

Chloride  of  ozotyle  +  Argentic  nitrite  ^  Argentic  chloride  -f  Nitric  anhydride, 

[NO.Cl         4-     NO.Ago     =        AgOl  +        N.Os]. 

(3.)  By  adding  phosphoric  anhydride  to  nitric  acid,  thereby  de- 
hydrating it,  the  mixture  being  afterwards  cooled  and  distilled. 
(  Weber,  j 

4*  Phosphoric  anhydride  ^  Phosphoric  acid  4-  Nitric  nnhydride. 

+         PA         ^    2pono3     +      3N0O5]. 

Properties* — A  colorless  solid,  crystallizing  in  rhombic  or  in  six- 
sided  prisma.     It  melts  at  85"*  R  (29r5^  C/)»  and  boils  at  113°  F. 
45^  0.)     It  IS  a  very  unstable  body,  and  is  decomposed  by  a  heat  of 
23PP,(50°  €,)•     Sometimes  it  explodes  spontaueously.     It  unites 
ergetically  with  water  to  form,  nitric  acid,  the  combination  being 
attended  by  a  great  elevation  of  temperature.     A  crystalline  hydrate 
2N205»  HgO,  specific  gravity  1*642)  is  formed  by  dissolving  NjO^  in 
ng  nitric  acid* 


6HNO3 
Nitric  acid 
[6NC\Ho 


Nitric  Acid,  HNO,=63  CNOgHO). 


weight,  63°,     Molecular  volume^  I ^l_l  •      Specific  gravittf    at 

59° R  (la^  00,  1*530.  Melntwe  weight  {Jl=l)  at  \%T  F.  =  29-6. 
1  litre  of  nitnc  acid  napor  weighs  3 1 '5  m(A^  =^2*822  grme.  In  100 
parts=^ ^Os,S5  72,  H.0,  14'28, 

SynOIiytQS*  Aqtia  Fortis  (Akhymists)  j  Solutive  Water  (Oeber); 
Spirit  oj  Nitre  (Glauber ) ;  Htjdric  Nitrate ;  Bt/drogen  Nitrate  {Watts  in 
Fownes). 

History. — Nitric  acid  was  known  to  the  alchymists  at  a  very  early 
period,  Priestley  (1777)  noticed  its  formation  when  electrical  eparka 
were  passed  through  air:  Cavendish  (1785)  remarked  the  acidity  of 
the  product  when  hydrogen  was  burnt  in  air,  due,  as  he  found,  to  the 
formation  of  nitric  acid,  the  composition  of  which  was  thus  deter- 
mined, Davy,  Guy  Lussac,  and  Thompson  detomiined  the  proportiona 
in  which  nitrogen  and  oxygen  were  present  in  the  acid. 

Natural  History*  (oO  ^«  ^he  mineral  kingdom  it  is  found  as  nitres, 

Boda  or  cubic  nitre  being  obtained  from  Chili,  and  potash  or  prismatic 

nitre  from  India.     These  are  formed  by  the  rapid  oxidation  of  organic 

nitrogenized  bodies,  such   as  urine,   etc.,  under  the  influence  of  a 

opical  heat^  and  in  the  presence  of  soils  rich  in  alkalies.     It  is  also 

onnd  as  nitrates  in  many  well  waters,  produced  by  the  oxidation  of 

zotized  animal  matters  as  they  percolate  in  solution  through  the 

dH.     Nitrate  of  ammonia^  moreover,   is  found   in  rain  water,  the 
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atmofipheric  electricity  effecting  the  combination  of  the  nitrogen  1 
and  oxygen,  the  nitrin  acid  formed  combining  with  ammoma. 
(h,)  In  the  vegetable  kingdom, — Nitric  acid  is  not  found  in  the  recent 
jtiiceB  of  plants,  but  it  occurs  in  dried  leaves  (e.  g.,  in  those  of  tobacco >, 
arising  from  the  decomposition  of  the  alkaloids  and  tho  oxidation  of 
their  nitrogen,  (c)  In  the  animal  kingdom  it  is  not  commonly  found 
except  in  the  urine  after  the  administration  of  ammonia. 

Preparation,  (l*)  By  the  direct  UDion  of  oxygen  and  nitrogen. 

(a.)  By  the  passage  of  sparks  through  a  mixture  of  two  volumes  of 
nitrogen  and  five  volumes  of  oxygen, 

(^.J  By  biinung  a  mixture  of  one  part  of  nitrogen  and  ten  parts  of 
hydrogen  in  air  or  oxygen,  Tho  water  formed  will  be  found  to 
contain  traces  of  nitric  acid, 

(2,)  By  treating  nitrous  anhydride  (NgO^)  and  nitric  peroxide 
(N^O^)  with  water  (nee  pages  109  and  112). 

(3.)  By  the  slow  oxidation  of  organic  matters  containing  nitrogen 
or  ammonia  in  tho  presence  of  an  alkali, 

(4.)  Ordinary  manufacturing  process, — By  the  decomposition  of 
potassic  or  sodic  nitrate  with  strong  sxilphuric  acid.  The  decomposi- 
tion is  two- fold  : — 

(a.)  The  sulphuric  acid  displacea  half  the  nitric  acid — 
B«SO^       +    2NaN03    ^    NaNO^     +     NaHSO^     +    HNOj. 

Sulphuric       +         Sodie        ^         Sndic  -f     Hydric  »odic     -\-       Kitrio 

acid  Tiitrate  nitrate  sulphate  acid, 

[S(),Ho,      -h  2N0.Nao  ^  NO.Nao    +  SO.HoNao  +  NO^Ho], 
(A/)  By  an  increased  temperatmre  the  hydric  sodic  sulphate  decom- 
poses the  rem  a  ill  in  g  sodic  nitrate,  the  nitric  acid  from  which  distil  8 
over — 

NaNOa       4-  KanSO^  =       Na^SO^       -h       UXO,, 

Hoik  nitrate     -f     HvdHe  Kwiic  ^tjlpbote    ^  '  Sodic  sulphate     +     Nitric  oeid. 

[NO.Nao     +       '  SO„KaoHo         ^      SOaNaog      +     NOoHol. 

The  sodic  nitrate  (cuhic  or  Chili  nitre)  is  ordiuarily  used^  as  it  is 
cheaper  than  potassic  nitrate,  and  yields  a  larger  perctntage  of  nitric 
acid  (i.  <?.,  as  85  to  101-1).  The  sodic  sulphate  left  in  the  retort  is 
used  in  glass  manufacture.  The  strongest  acid  (nNOj)  is  obtained 
hy  distilling  the  commercial  acid  with  its  own  bnlli  of  sulphuric  acid. 

Impurities, ^^^^f'^^^  oxides  of  nitrogen ;  chlorine  and  iodine  (derived 
from  the  alkaline  chlorides  and  iodides  in  the  nitre);  aulphurio 
acid,  iron,  alumina,  potash,  and  soda  salts. 

Preparation  of  ture  Acid,-^Bilute  the  acid  with  its  own  bulk  of 
water;  add  one  graiu  of  potassic  bichromate  for  every  100  grains  of 
the  strong  acid,  in  order  to  oxidize  any  lower  oxides  of  nitrogen 
present  Add  nitrate  of  silver  to  precipitate  any  chlorine;  syphon  off 
the  clear  liquid  and  distil,  rejecting  the  first  half  of  the  distillate. 

Properties* — («•)  Scnsihte,  When  pure,  nitric  atid  is  a  colorleea 
lii|uid,  but  it  is  more  often  found  in  comnierce  of  a  yellow  color,  £m^^ 
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■  prmtmce  (by  deoomposidon)  of  nitrous  acid  or  nitric  peroxide. 
Rormfl  grey  ftimes  when  exposed  to  the  air,  the  acid  abaurbing 
ker,  and  r  '  -]ng  into  mioute  drops.  Its  taste  is  powerfully  acid. 
i/3.)  PAv  .  It   is  an   intensely  irritant  poiHuu*     Sodie   car- 

pate  or  magnesia  in  water  should  be  given  as  antidotes* 
By.)  PhijsicaL  Its  specific  gravity  varies  according  to  its  streugtti  i  5^<t 
Ublel.  in  Appendix).  When  an  acid  of  any  gravity  is  boiled  for  some 
pe,  an  add  of  a  definite  strength  is  formed  ( 2HN0.,  +  3H/) ).  This  is 
k  acid  of  the  Pharmacopoeia,  and  has  a  specitic  gravity  of  1*42. 
Me/acm  nf  Heal, — The  strong  acid  (1-5)  boila  at  210*^  F,  (9B'8H°  C), 
Id  an  acid  of  specific  gravity  1*42  at  248"^  F.  (120°  0/).  At  high 
pperatares  it  is  deci^mposed  ( 2HN03=2N02  +  U^X>  -|-  0),  The  strong 
ifd  (specific  gravity  1*5)  freezes  at  —40''  F.  ( —  40*^  C),  and  an  acid  of 
pcific  gravity  1*4  at  —  ^V^  F.  ( — 40*55^  0,),  forming  in  each  case  a 
pite  buttety  mass. 

\  Action  of  Light. — The  acid  is  decomposed  by  light  into  nitric  per- 
tide,  rater  and  oxygen,  the  solution  becoming  more  or  less  colored. 
UK)  Chtmicat,  Nitric  acid  reddens  litmus.  It  is  a  monobasic  acid, 
pning  salts  called  nitrates,  which  have  the  formula  M'NO^.  It  act^  as 
bowerftd  oxidijdngagent,  owing  to  the  large  amount  of  oxygen  it  con- 
ba  (J  of  its  weight),  and  the  ease  with  which  it  fjan  part  with  it, 
ptiB  by  its  action  iodine^  phosphorus,  sulphur,  selenium,  carbon. 
Iron,  and  ailioon  are  converted  into  their  highest  oxy-acids,  whilst 
m  lower  oxides,  such  as  sulphuruus,  arsonious,  and  phusphorona 
Ids,  are  at  once  converted  into  higher  oxides, 

Wdion  q/  Acids, — Sulphuric  acid  has  no  action  upon  nitric  acid 
kept  dehydration.  JIt/drQchloric  acid  decomposes  it,  forming  aqua 
||ia,  or  nitro-hydrochloric  acid  (3  of  hydrochloric  and  1  of  nitric 
Si  'lition  containing  chlorine  and  chloride  of  azotyle  or  oitro- 

fi  -  .;  (HNOj+aHC1^2H50  +  NOCl+Cl,).  When  aqua  regia 
llieated,  it  evolves  nitric  oxide  and  chlorine,  which  latter,  in  the 
fce^t  state,  diaaolves  gold  and  platinum  (2N001-f  2Cl2  +  2Au— 
Lfi2-^2AuClJ). 

Mciio»  on  Metals  and  Ifetallic  Oxides, — It  may  here  be  noted  that 
Wi  sulphuric  acid  ac^ts  on  metallic  zinc,  or  when  hydrochloric  acid 
poa  metallic  iron  or  tin,  free  hydrogen  is  evolved : 
I  H^SO^     +     Zn     =     ZnSO*     -f     H.. 

I  2Ha       +     Fe     ^     FeCl^,      +     H.. 

Pfftulphuric  acid,  however,  acta  on  oxide  of  zinc,  or  hydrochloric 
H  Acts  on  oxide  of  copper,  the  hydiogen  then  is  not  liberated  as  free 
PbogSQ^  but  in  combination  with  oxygen,  as  water : — 
I  H^SO^     +     ZnO     =     ZnSO,     +     H^O. 

I  2HC1      +     CuO     ==      OaCL     +     HgO. 

pnion,  however,  nitric  acid  acts  on  metallic  zinc  or  copper,  no  fee© 
■bupv/  Lh  ertjJveil  Lciauifo  the  oxygen  whjcli  is  libcratod   a-t  Ux«a 
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same  timej  e^Tects,  when  in  the  nascent  state,  the  immediate  oxidatii 
of  the  hydrogen.     The  results,  however,  produced  by  the  action 
nitric  acid  on  the  metala  vary,     It  will  be  noticed  that  the  action  of 
dilute  acid  is  more  intense  than  that  of  a  strong  acid.     On  the  nobU 
metaU  (auch  as  gold,  platinum,   titanium,  and  tantalum,  etc.)  it  t8 
without  action.     On  silver  and  palladium^  if  the  acid  be  dilute,  and 
the  lic[uid  kept  cold|  no  gas  ia  evolved,  nitrous  acid  being  produced, 
which  remains  in  eolution— (Ag2-h3HN03=2AgN03  +  K20  +  HNO, 
On  copper  and  mei'curf/jim  acid  of  specific  gravity  1'25  evolves  nitric  oiii 

(NA)  (3Ca-|-  8HKC\=3CuNA^+4H.Oh-NA)»  ^^^  ^  acid  of  s 
gravity  1^42  evolves  nitric  peroxide  (N.pi),  (Cii-h4HNOj=OuNa05 
2H5O  H-  Nj^O^) ;  whilst  if  the  mixture  of  the  nitric  acid  and  the  metal 
heated,  pure  nitrogen  will  be  disengaged  (5Cu-f  12HN05=50uN4< 
-fNt;  +  6IL0).  Ominc  (npoa  which  the  action  of  nitric  acid  is  energetic 
a  dilute  acid  yields  nitrous  oxide  (N^O)  (4Zn+  10HNO3=4ZnNgO^ 
5HgO-f  N/)),  whilst   a   stronger   acid  sets   free  ammonia,  whit^  at 
once   combines   with   any    excoea  of    acid  present   (4Zn  +  SHNOj^^j 
4ZnN«0(5+3n2O+H3N).     Tin  arid  antimont/  are  oxidized  but  not  dii^f 
solved  by  nitric  acid.     In  the  case  of  tin  an  insoluble  stannic  oxide 
(SnOo)  is  formed,    called  putti/  poioder^  and  nitric  peroxide  evolved^ 

(Sn+4HN03=8nO£  +  2HeO  +  2NsO,)'  fl 

On  bmnntht  tin  and  iron  the  strong  acid  (Sp.  Gr,  1  -5)  Uaa  no  actioo," 
but  if  a  little  water  be  added,  energetic  action  at  once  commences. 
If  iron,  after  haviog  been  immereed  in  the  strung  acid  is  taken  out, 
and,  without  being  wiped,  is  placed  in  a  weak  acid,  the  iron  will  be 
found  to  have  assumed  a  passive  state,  that  is,  the  weak  acid  will 
have  no  action  upon  it. 

Heated  with  an  oxide  or  a  metallw  ha»e^  nitric  acid  eTolves  no  gas 
but  forma  salts  called  nitrates  (OiiOH-2HNOs=^H€0-f  CuNPg)  aH  of 
which  are  soluble, 

AHion&n  Organic  Bodies, — Nitric  acid  destroys  all  organic  bodies; 
it  stains  all  albumiuous  substances  yellow  ;  when  added  to  morphia, 
brncia,  or  narcotine  they  are  turned  red;  it  oxidizes  and  bleacUoa 
indigo  (C0H5NO),  changing  it  into  isatin  (CgH^NO,).  Substitution 
compounds  are  often  formed  by  the  action  of  the  strong  acid  on 
organic  bodies  {see  page  113), 

Tests-  («•)  In  a  fn^e  state, 

(L)  The  production  of  red  fumes  by  its  action  on  the  metab 
(NA  +  air). 

(2.)  Its  power  of  reddening  morphia  and  brucia. 

(/3.)  In  a  combined  state  (as  nitrates). 

(L)  Add  to  a  nitrate  some  Biilphurie  acid  to  liberate  the  nitric 
and  float  on  the  mixture  a  eolution  of  ferrous  sulphate.     A  part 
the  nitric  acid  will  be  reduced,  the  ferrous  becoming  ferric  sulphi 
whilst  the  remainder  of  the  ferrous  sulphate  solution  will  absorb  the 
lower  oxides  of  nitrogen  set  free,  and  the  eolution  become  brourn 
Hie  Junction  of  the  two  li<iuidB.  (liebVg.^ 
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(2.)  Add  to  a  BolutioE  of  a  nitrate^  sulpliuric  acid  and  a  little  indigo 

lution  J  the  latter  will  be  bleached  by  the  nitric  acid  liberated  by 

e  action  of  the  eulphuric  acid  on  the  salt. 

(3,)  By  adding  sulpiiuric  acid  to  a  nitrate  and  shaking  the  mixture 
,p  with  mercury,  NjO^  ia  set  free,  the  tjuantity  iodicating  the  amount 
if  nitric  acid  present  (Grum'a  test  modihod  by  Frankland). 

(4.)  A  nitrate  placed  on  red-hot  charcoal  deilagratea  (CMoratea  act 
flimilarly). 

Uses*  (a,)  In  nature  nitric  acid  is  one  of  the  sources  of  the  nitrogen 
of  plants*  It  is  of  no  special  use  to  animals,  {b.)  In  chemhtry  and  ia 
the  arts  its  chief  use  is  as  a  eolvent  and  an  oxidizer,  (l\)  In  medicim 
we  have  intheB.P.  the  acidum  nitncant  (specific  gravity  1*42,  and  con» 
taining  70  per  cent,  of  Hl^IOa,  being  in  reality  2HN03f3H20)  and 

idum    nitricum    dilutwn    (Sp,     Gr,     MOl),     containing    17'44    per 

►nt  of  HNO3*  The  strong  acid  (Sp.  Gr.  lo)  is  used  as  an 
rotic. 

CoMPOmCDS   OF   NlTEOGEN    AKD    THE   ELil^IDS, 

The  combination  of  nitrogen  with  the  haloids  cannot  be  effected 
directly,  whilst  there  is  some  doubt  as  to  whether  any  suoh  com- 

S pounds  exist  without  the  presence  of  hydrogen. 
I  1.  Nilrogen  and  Fluorine. 

\    No  compound  of  nitrogen  with  fluorine  is  known  without  hydrogen 
(NH.F). 
2.  Nitrogen  and  Chlorine^ 
I  Chloride  of  Nitrogen  {Nitrous  Chloride), 

Of  the  composition  of  this  body  there  is  considerable  doubt,  its 
^^analyeis  being  exceedingly  dilhcult,  owing  to  its  explosive  nature. 
^BBome  regard  it  as  NCl^i  and  others  as  a  compuund  of  KHClj^  and 
^^(^Clj,  In  the  former  case  it  is  regarded  as  an  ammonia  molecule, 
where  three  atoms  of  hydrogen  are  replaced  by  three  of  chlorine  j  in 
j  the  latter  as  a  double  ammonia  molecule,  where  five  hydrogens  are 
^^©placed  by  five  clilorines,  one  hydrogen  not  being  disturbed,  Pos- 
^KTbly  there  may  be  a  series  of  these  compounds^  such  as  NH^Ol — 

^ History. — Discovered  by  Dulong  in  1812  ;  investigated  by  Davy. 
PrepEratiOH. — By  the  action  of  chlorine  on  a  strong  solution  of 
imonic  chloride, 
NH^a         -f      3CI^      =  4HC1  +  NCI3. 

imonic  chloride    -f     Chlorine    ^    Hydrochloric  add    +     Chloride  of  nitrogea. 
[NII»C1         +       aClg       ^  4HCI  +  NCI,]. 

KoTB. — The  action  of  chlorine  on  an  €xc€&s  of  ammonia  is  to  set 
free  nitrogen  (BNEj+SClg^GNH^Cl+Ng).  When  ammonia  gas 
bums  in  chlorine,  hydrochloric  acid  and  nitrogen  are  formed. 

Properties,  (aO  StmihU.—An  oily  \i^ydii  (like  ohve  oil)  having  a 
peculiar  odor  and  very  irritating  to  the  eyes  and  nose* 
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(/3.)  FhijmaL — Specific  gravity  1-653.  It  is  volatUe  at  ordiQaij 
temperatxires,  and  boils  at  160*^  F.  (71*1°  C).  It  does  not  freeze  at 
^16-6°  F.  {^27^  C.)  It  explodes  violenay  at  from  200°  to  Hit*  Hi 
(93*^  to  100°  C.) 

(y.)  ChemkaL — The  elements  in  chloride  of  nitrogen  are  vesry  feeblj 
combined.  The  mere  contact  of  pbfjsplnjruH,  eiilphur,  araenic, 
alkalies,  or  of  inflamraable  bodies  generally,  such  as  turpentine,  etc^ 
cau3e  its  immediate  explosion.  The  metals,  the  mineral  aoids,  alcobol| 
and  water  have  no  action  upon  it» 

3.  Nitrogen  arid  Bi^mine, 
It   is   doubtful   whether    any  compound    of  these   bodies   exists. 

Millon  in  1828  remarked  that  potassic  bromide  decomposed  mtroua 
chloride  (NCl^)  forming  a  red  liquid  having  very  similar  properties  to 
the  chloride  of  nitrogen.  He  considered  that  the  CI5  had  been  replaced 
by  Br,. 

4.  Nttrogm  and  Iodine* 

Iodide  of  Nitrogen. 

Of  the  composition  of  thia  body  there  is  much  doubt.  It  wa«^ 
formerly  represented  by  the  formula  NI3;  Gladstone  and  FranklaDd 
regard  it  as  NHI2  (niti-ous  hydrodiniodide),  and  Bunsea  as  NI3  4-  NH,. 
Possibly  there  ia  a  series  of  these  compounds. 

Preparatioil*^^By  the  action  of  iodine  on  ammonia. 


+     2L    = 


NHL 


2Nnj. 


1 


3KH., 

AramODia  +  Iodine  ^  Kitroua  bydrcMiiiiiodide  -f-  Ammonir  iodide. 

[SNHji    +    2ls    ^  NIU,  +       2NH,I].  (FranklaDd). 

Note*— Nitrogen  is  liberated  by  the  action  of  chlorine  and  bromine^ 
(but  not  by  the  action  of  iodine)  on  ammonia.  ^M 

Properties,^ — A  black  powder  having  an  iodine  smell  and  a  very 
high  specific  gravit3\  It  is  easily  decomposed  when  dry  by  heat  or 
by  the  touch  of  a  feather,  fumes  of  iodine  vapor  being  liberated 
(NHl5=N  +  HI  +  I).  Watei*  dissolves  and  decomposes  it,  forming  an 
ammonic  iodate,  iodine  with  a  little  free  nitrogen  being  evolved. 
Sulphuretted  hf/drogeu  decomposes  it,  forming  ammonic  iodide»  hydrio 
acid,  and  sulphur  (NHI^H^SH^S^H^NJ+HI-hS,).  It  is  als 
decomposed  by  solutions  of  the  alkalies  and  of  the  alkaline 
iodides  and  iodates  being  formed. 

COMPOinOJS  OF  NlTHOQEir,    OXYQEX,   AND   ClCLORnfE, 

EitroBs  OxycUoride,  N0C1=65-5{N0C1). 

MokeuJar   weight,    65*5.     Molecular   voluvie,     | |_  |  .      Rtlative   ^VfSfi 

32*75.     Speeijic   gravltg^    theorHiCf    2^2663.      1    litre   weighs    32'! 
criVA«=2*9344  grms.  " 

Synoiijmn.^^-'^tlorfy'mtrovs    gas    (Frankland) ;     Kitrost^le    ckh 
(Bloxam)  J  Azotyh  chloride. 
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Preparation,  (l-)  By  mixing  together  two  volumes  of  nitric  oxide 
(NgOj)  and  one  volume  of  chlorine.  The  three  volumes  condense  to 
one  volume. 

(2.)  By  heating  a  mixture  of  nitric  and  hydrochloric  acid  (aqua 
regia). 

HNO3    +  3HC1         =  NOCl  +     CI2      +  2H2O. 

Nitric  a<id  +  Hydrochloric  acid  =  Nitrous  oxychloride  +  Chlorine  -f  "Water. 
[NOgHo  +  3HC1         =         NOCl  +     Clg      +  20HJ. 

Properties.—  An  orange-colored  gas  becoming  a  red  liquid  at  0°  F. 
(—18°  C),  which  boils  at  32°  F.  (0°  C.)  It  is  decomposed  in  the 
presence  of  mercury,  or  by  contact  with  water.  If  passed  into 
sulphuric  acid  cooled  to  32°  F.  (0°  C),  crystals  of  NOHSO4  are 
deposited  (N0a+H,S04=HC1+N0HS04). 

NitryKc  Chloride  (NO^Cl^si-s)  (NO^Cl). 

Relative  weight   (H=l),  40-75.     Specific  gravity   of  the   liquid,   1*32; 
o/the  vapor,  2-63  {theoretic,  2-819). 

SynOJiyJXlS,'-' Chloride  of  Nitryl — Nitric  Dioxychloride  (Frankland)  ; 
Chloropemitric  gas  (Frankland). 

Preparation,  (l-)  By  the  action  of  phosphoric  oxy trichloride  on 
plumbic  or  argentic  nitrate. 

3AgN03        +       PCI3O      =    AgaPO^     +  3N0gCl. 

Argentic  nitrate      +       Phosphoric      =      Argentic      +      Nitrylic  chloride, 
oxytrichloride  phosphate 

pNO^Ago       +       P0a3      =    P0Ag03    +        3NO2CI]. 

(2.)  By  the  action  of  chlor-hydrosulphuric  acid  on  potassic  nitrate. 

Properties. — A  yellow  liquid  boiling  at  41°  F.  (5°  C.)  and  not 
freezing  at — 24°  F.  (—31°  C.)  It  is  decomposed  by  water,  nitric  and 
hydrochloric  acids  being  formed  (NOgCl+H^OrziHCl+HNOa). 

Chloro-Nitric  Gas,  NOCL  or  N,0,C1,  CNTO^CU). 

Synonyms.  —  Nitric  dioxy-tetrachloride  (Frankland) ;  Nitric  oxy- 
dichloride ;  Azotyle  bichloride. 

Preparation. — Formed,  together  with  nitrous  oxy  chloride,  by 
heating  aqua  regia. 

2HNO3   +  6HC1         =       NoOga^         +    4H2O    +     CI5. 

Nitric  acid  +  Hydrochloric  acid  =  Chloro-nitric  gas    -f     Water    +  Chlorine. 
[2NO2H0  +  6HC1  =       'N7O2CI4       +    4OH2    +      CI2]. 

Properties.--Below  19°  F.  (—7°  C.)  it  is  a  red  liquid,  but  above 
this  temperature  a  yellow  gas.  It  is  decomposed  by  water  or  by  an 
alkaline  hydrate.  It  forms  with  mercury,  nitric  oxide  and  mercurous 
chloride  {'iBi^^jd^(Jl^=:2llg<fi\^-\-^fi^). 
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CHAPTER  VI. 

PHOSrHOKUS. 

pHOHPnoHFS.  Compounds  of  Phosphorus  and  Oxjgen — Suboxide  of  Phoephorui— 
Hypophosphorous  acid— PhosphoroiM  anhydride — ^Phosphoruua  acid— P6o»phofie 
anh jdride— MetaphoRphorio  &dd — Pyropliwpborio  acid — Orlhophospboric  ftcid'* 
Compoandi  of  Phoaphorus  and  the  Haloids — Phosphorous  Chloride — Phoepbccic 
Chlonde  —  Phosphoric  Oiy-trichlorid©  —  Phospborio  BalphO'tricLloride  —  T\^. 
Iodides  of  Phoflphorua — Phospham — Actioa  of  A  mmoniion  Phogphorua  Cocapj . 

PHOSPEOEUS  (P  =  3i). 
Atomic  weight,  31.  Moiacttlar  weight  {SI  x  4),  124,  Atomic  volume  \\  m 
•J.  Molemlar  tjolume  |~~1  j  .  Atomicity  pentad  C)  and  iiiad 
('")  (a^  in  Pa^  ;  PHJ  iVH^  I  POlj.)  Relative  weight  (H=l),  62. 
Specific  gravitt/  of  vapor ^  4 "2904.  1  litre  of  P,  vapor  weighs  (62 
cnihs^  not  31  criihi)  5*555  grms, 

Tlio  name  phosphonts  (^^c  and  ^cpw),  equivalent  to  the  Latin  na.me 
of  inafcr,  is  derived  from  ita  property  of  shining  in  the  dark.  The 
name  had  beeE  previously  g^ven  to  various  other  bodiea  that  were 
luounous  when  heated,  viz,,  J3aliitvin*s  phosphorus  (calcic  nitrnte), 
Bohgnian  phosphonts  (baric  Balpbate),  JZomberg's  phosphorus  (foeed 
calcic  chloride),  etc. 

Hiatory,^Plif>spli">ru8  was  accidentally  discovered  by  Brandt  ia 
urine  during  certain  alchemical  investigations  (1669.)  He  showed 
some  to  a  German  chemist,  Kunkel,  who  spoke  of  it  to  his  frieJid 
Kraft.  Kraft  bought  the  secret  of  its  preparation  from  Brandt  for 
200  dollars.  Kunkel  (1674)  afterwards  made  it  in  sufficient  quantity 
for  sale,  the  material  beinp;  known  as  **  Kunkel's  phosphorus*" 
Boyle  and  his  assistant,  Godfrey  Hankwitz  (1680),  also  prepared  it, 
the  latter  sellmg  it  under  the  name  of  "  English  Phosphorus."  The 
process  was  improved  by  Margraaf  (1740).  Gahn,  in  1768,  dii* 
covered  phosphorus  in  bones,  and  Scheele  (1769)  invented  a  ready 
process  for  prepmng  it  therefrom,  which  was  afterwards  perfected  by 
Fourcroy,  Yauquelin,  Nicholas,  and  Pelletier, 

Ancfeiit  theon'es  as  to  its  /?«f«rt'.— Phosphorus  was  believed  by  the 
Stahlians  (their  theory  being  in  vogue  at  the  time  of  ita  discovery) 
to  be  a  c^om pound  of  phlogiston  and  of  the  white  fumes  produced  by 
its  combustion,  which  were  believed  by  Stahl  to  be  muriatic  acid. 
Margraaf,  of  Berlin,  in  1 740,  proved  that  this  was  an  error,  and  that 
the  white  Eakes  were  phosphoric  acid.  The  Stahlians  then  asserted 
that  phosphorus  was  a  compound  of  phosphoric  acid  and  phlogiston. 
In  1772,  Guy  ton  M  or  veau  proved  that  the  phosphoric  acid  from  bum- 
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ing  phosphorus  was  heavier  than  the  phosphorus  from  which  it  was 
obtained;  after  which  Lavoisier,  in  1774-5,  made  his  famous  experi- 
ment of  burning  a  known  weight  of  phosphorus  in  a  known  quantity 
of  oxygen,  by  which  he  proved  phosphoric  acid  to  be  a  compound  of 
oxygen  and  phosphorus.  In  1810-12,  Davy,  Gilbert,  Guy  Lussac, 
and  Th^nard,  established  its  elementary  nature,  since  which  time  its 
yarious  alio  tropes  have  been  discovered. 

ITatural  History.— Pl^osphorus  is  never  met  with  in  nature  in  an 
uncombined  state. 

(a.)  In  the  mineral  kingdom  it  is  found  in  all  the  primitive  and 
volcanic  rocks  (chiefly  as  Ca3,2F04),  and  also  in  the  soils  produced 
by  their  disintegration.  It  occurs  as  apatite  and  coprolites  (phosphate 
of  lime),  also  as  wavellite  and  massive  phosphate  of  alumina,  lead, 
uranium,  etc.  (/3.)  In  the  vegetable  kingdom  phosphorus  is  extracted 
from  the  soil  by  plants  for  animal  use.  It  is  found  in  all  parts  of  the 
vegetable,  but  more  particularly  in  the  seed. 

Quantity  of  Phosphoric  anhydride  per  cent,  present  in  different  substances, 

PjOj  per  cent. 

Ash  of  tobacco  stalk 2'73 

„     straw  (barley,  wkeat,  oats,  &c.) 3*00 

„     turnips . .         . .  6*10 

„     clover 6-30 

„     flax 10-77 

,,     potatoes           11*30 

„     oats 14-90 

„     wheat 16-40 

(y.)  In  the  animal  kingdom  phosphorus  is  found  in  considerable 
quantities  in  brain  and  in  nerve  tissue,  as  though  it  were  essential  to 
the  exercise  of  the  higher  functions.  It  is  found  in  all  the  secretions 
in  urinary  and  in  other  calculi,  in  the  tartar  of  the  teeth  thrown  down 
from  the  saliva  by  the  ammonia  of  the  breath,  «tc. 

Proportions  of  Phosphorus  per  cent,  present  in  various  animal  tissues. 

Phosphorus  per  cent. 

(  Dry  fibrin    . .  . .  0-32— 0-42. 

Mulder,     \    „    egg  albumen  . . 

(    „    blood      „  ..  0-33. 

Zassaigne,    Brain  normal  ..  1-93— 1-97. 

!„      of  idiote  ..  1-00—1-50. 

„      of  sane  ..  200—2-60. 

„     of  madmen  . .  300— 4*50. 

Bone 16-96P.  =63percent.  CajPjOg. 

Solid  matters  of  urine    2*32  per  cent,  of  alkaline  and  earthy  phosphates. 

Preparation. — Phosphorus  is  the  only  element  in  the  preparation 
of  which  animal  substances  are  employed. 

(1.)  Preparation  from  urine  (old  methods.) 

1st  process. — Evaporate  the  urine  to  dryness ;  mix  the  residue  with 
sand  and  distil.  The  •  silica  liberates  the  phosphoric  acid  which  the 
carboB  reduces.    (Boyle  and  Hankwitz.) 
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2ml  jtrovtm, — Precipitate  the  urine  with  plumbic  acetato  ;  mix  the 
precipitate  with  one -fourth  its  weight  of  charcoal,  and  disUL 
(Grobertj 

(2.)  Preparntion  from   native   calcic  phosphate  and  from 
(New  process  of  Scheele  as  modified  bj  Vauqueliu,  Nicholas,  etc.] 

(a,)  Bonee  (frojn  which  the  gelatine  may  be  previously  extract? 
are  heated  in    an    open    tire    to  whiteness,  whereby  '*  bone-ear 
Ca32P04  (P.(\>CiM>%)  is  obtained. 

{fi.)  Three  jiarts  of  this  bone-earth  are  now  digested  for  several  i 
with  a  mixture  of  2  parts  of  strong  sulphuric  acid  (Sp.  Gr.  1*55),  1 
18   to   20   parts  of  water.      An  insrduble   sulphate   of  lime   and  ft 
soluble  monocalcic  salt  called  **  superphosphate  *'  are  thus  formed: — 

Ca32P04        -f     2H^804      =      2Q^m^      +        Ca2HgP(V 
Tricycle  pboflph&te  +  Sulphuric  dcid  ^  Calcic  sulphate  +  Calcic  supetpbosd^l 
(bone  aah)  ^^1 

[PgO^-Cao",      +    2SO,Ho.>    =    2SO,Cao''    +     P^O.Ho^Cao*], 
(y.)  The  mixture  is  now  filtered  through  horsehair  to  remove  th0 

calcic  sulphate, 

(^.)  The  clear  filtrate  is  now  evaporated  to  a  syrup,  which  is  then 

Biixed  with  one-fourth  its  weijii^ht  of  charcoal  and  heated,  whereby 

water  is  expelled^  and  an  intimate  mixture  of  charcoal  and  metapiiae- 

phate  of  lime  formed : — 

Ca2n2rO,  =  Ca2P03  -f       2H^ 

Cftldc  6upcri)ho9phate       ^        CaJcic  metaphoephate        -f 
[PAKo4^ao'  =  P^O^Cao"  + 

(e.)  This  mixture  is  now  distiUed  at  a  red  heat  in  an  earlhenwari 
retort  rendered  air-tight  with  borax  and  sandy  clay,  when  phosphonw 
passes  over  and  is  collected  under  hot  water  : — - 

aCaiSPOa         H-  lOC  =       Ca,2P0^       +       lOCO       ^       P,.M 
Cttlcic  metapho5phat£-|-Carl)on=Tricalcic  pbcwphateH-Ciirbonio  oxide  +  PhosphowP 
[gp^O/Jao"      H-  IOC  ^      F.OgCao^     +      lOCO      +      PJ. 

Wolilcr  rccommtnda  using  Band  and  charcoal,  wherebj  the  whole  of  the  phoi* 
phofus  ixiay  be  oblained.     Thufi  :— 


Water, 
20 


taphoe- 


SSiOg  =x 


SCaSiO^    -h       18C0      + 
^Calcic  fiHicftte-f-CftrboDic  oxide -hPl 


ij 


3Ca2P03  -h    180    + 

Cileic  meta^  +  Carbon  +    Silica 
pbesphkle 

[3PsO/'ao''4-    180    +   3SI0,  =   SSiCao^   +      18C0      + 

({,)  The  phosphorus  is  purllied  fiist  by  washing  it  under  hot  waiei 
eontaining  bleaching  powder  ;  then  by  fiisioa  under  ammonia  to  remor^ 
any  aad  impmtks^  and  finally  uudor  a  mixture  of  sulphuric  acid  and 
potassic  dichroniftte,  whereby  any  mhoxidt-  of  pho^pfionts  present  li 
oxidhsed  and  changed  into  soluble  phosphoric  acid.  The  pure  phot^ 
phorus  is  then  strained  through  leather  under  hot  wateri  and 
into  sticks. 
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(3.)  Phosphorus  may  also  be  prepared  by  passing  a  stream  of 
hydrochloric  acid  gas  over  a  mixture  of  charcoal  and  heated  bone  ash. 

Ca32P04     +      6HC1     +80=  3CaCa2+  800  +     3H«    +    P^. 
Tricalcic  phos- +Hydrocliloric+Carbon=    Calcic   -f  Carbonic  +  Hydrogen  +  Phos- 
phate acid  chloride       oxide  phonu. 
[PoOnCao^  +     6H01     +  80  =3CaOl2+  8C0   +    SB^  +  P^]. 

Varieties.  —  Phosphorus  assumes  different  allotropic  forms,  of 
which,  amongst  others,  are  the  following  : — 

1 .  Clear  transparent  variety. — ^This  is  a  yellow,  soft,  wax-like  body, 
tasteless  in  the  solid  form,  but  having  a  sharp,  pungent  flavour  in 
solution.  It  has  the  odour  of  garlic.  Its  specific  gravity  varies  from 
1  -848  to  1  -853.  It  is  a  non-conductor  of  heat.  It  volatilises  at  1 1 1  -2°  F. 
(44^  0.),  the  fumes  in  a  dark  room  appearing  luminous. 

2.  White  opaque  variety  (Rose). — ^This  is  formed  by  the  action  of 
light  on  the  above,  when  kept  under  water.  The  white  opaque  crust 
forms  most  readily  when  the  water  contains  an  abundance  of  cal- 
careous matter.     Specific  gravity,  1-515. 

3.  Black  variety  (Thenard)  is  produced  when  the  common  phos- 
phorus is  melted  and  suddenly  cooled  to  32°  F.  (0°0.). 

4.  Red  variety  (Schrotter)  is  formed  by  heating  yellow  phosphorus 
for  thirty  or  forty  hours  in  an  atmosphere  in  which  it  cannot  oxidise, 
at  a  temperature  of  from  460°  to  478°  F.  (238°  to  248°  0.).  It  is 
amorphous,  and  of  a  dull  red  color,  without  taste,  odor,  or  action  on  the 
body.  Its  specific  gravity  is  2-14,  and  it  fuses  at  550-4°  F.  (288° 0.) 
It  is  not  luminous  until  heated  to  its  firing  point  (600-8°  F.  (316°  0.)). 
It  is  insoluble  in  carbonic  bisulphide.  It  is  changed  back  again  to 
the  common  yellow  variety  by  the  action  of  heat  in  the  presence  of 
air.  It  is  permanent  in  the  air,  and  gives  off  no  vapor.  It  is  not 
.fired  by  contact  with  iodine. 

Properties.— (a)  Sensible, — A  solid.  The  yellow  variety  may  be 
prepared  in  octahedral  or  dodecahedral  crystals  by  evaporating  its 
solution  in  carbonic  disulphide  in  an  atmosphere  of  carbonic  anhy- 
dride. The  red  variety  is  amorphous.  The  color  varies.  The 
common  variety  is  yellow ;  Pose's,  white,  like  porcelain ;  Th6nard*s, 
black ;  and  Schrotter's,  red.  The  odor  of  all  the  varieties,  excepting 
that  of  Schrotter,  is  said  to  be  like  garlic.  Its  taste,  except  Schrotter'a 
variety,  is  acrid. 

(/3.)  Physiological, — All  varieties  (except  the  red  phosphorus)  are 
active  poisons,  less  than  half  a  grain  having  proved  fatal.  Its  exact 
physiological  action  is  doubtful,  some  considering  that  its  poisonous 
action  is  due  to  its  oxidation  internally  at  the  expense  of  the  oxygen 
of  the  blood ;  whilst  others  hold  that  it  is  a  true  blood  poison,  and 
remains  unaltered  by  absorption.  To  get  it  out  of  the  system  by  the 
stomach-pump,  or,  if  after  an  interval,  by  an  emetic,  administering  at 
the  same  time  some  thick  gruel  containing  chalk  or  magnesia,  the 
former  to  suspend  the  particles^  and  the  latter  to  neutraHae  any  ^^ 
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pTodacta  formed,  constitute®  the  best  method  of  treatment  in  cases  of 
poisoning.  Above  all,  the  adminiatration  of  oils  or  fatty  matters  must 
be  avoided*  The  red  variety  is  not  poisonous.  The  vapours,  when 
inhaled  (as  in  lucifer-mateh  making),  produce  disease  of  the  jaw  boae.* 

(yO  Physical. — Spenjic  Gravity. — This  varies:  the  specific  gravitj 
of  the  t/ftiow  variety  is  1*848  to  1*853;  of  the  tvhitt.,  1-516;  and 
of  the  redf  2*14,  The  specific  tjmviti/  of  the  vapor  is  4-303;  tLat 
is,  its  volume  ia  62  times  the  weight  of  the  same  Tolnme  of  hy- 
drogen at  the  same  temperature  and  pressure.  Theoretically,  it  should 
be  only  31  times  its  weight  Its  atom,  therefore,  is  one-half  the  sixe 
of  the  hydrogen  atom. 

Action  of  Heat. — The  yellow  variety  melts  and  fires  at  about  11 2°  F. 
(44*6° C).  Wlien  melted  under  a  solution  of  potassic  hydrate  it  may 
be  cooled  to  90"^  F,  {32^'  C.)  without  solidifying  ;  but  if,  whilst  in  thii 
state,  it  be  touched  under  the  solution  with  a  solid  point,  it  imme- 
diately solidifies,  and  the  temperature  rises  to  l^i^^F.  (44*5°  C),  It 
volatilizes  at  ordinary  temperatures  in  moist  air,  and  at  217"  I*. 
(103°  C.)  in  dry  air,  giving  off  an  alliaceous  odor.  It  boils  or  diatilfi 
at  554°  F.  (290"^  0.)>  but  when  boiled  in  water^  phosphorus  vapor 
oomes  over  along  with  the  watery  vapor  at  212*^  F.  (100°  C.)* 

If  the  yellow  variety  be  heated  a  little  above  its  melting  point,  and 
suddenly  oooled,  it  forms  the  black  or  Th^nard's  phosphorus ;  thia 
variety  may,  however,  be  changed  back  again  to  the  yellow  form  by 
fusion  and  slow  cooling.  If  the  yellow  variety  be  heated  /i^(ir/^,but  not 
quite  to  ita  boiling  point,  and  ftuddenly  cooled,  it  becomes  viscous.  If  the 
yellow  phosphorus  be  heated  for  a  long  time  at  from  460°  F.  (238^  OOi 
to  480°  F*  (249^  C),  in  hydrogen,  or  in  nitrogen,  or  in  any  atmosphere 
in  which  it  cannot  fij-e,  it  forms  the  red  variety  or  *'  Schrotter's  phos- 
phorus,'* which  hy  a  heat  of  500'^  F.  (260°  C.)  may  be  again  reconverted 
into  the  yellow  variety,  Rose's,  or  the  white  phosphorus,  at  a  heat, 
of  122°  F.  (50°  C),  becomes  the  ordinary  yellow  phosphorus. 

Action  of  Light — When  yellow  phosphoriis  is  ejq>08ed  under  water! 
to  diffuse  dtf^/lifjhtf  it  changes  to  the  white  porcelain  variety  (Rose*e). 
Sunh'tihl  acting  on  common  phosphorus  preserved  either  under  water 
or  in  a  vacuum,  changes  it  to  an  orange -yellow  color.  (Napoli), 

Actitm  of  Eleetritittf, — ^Phosphortis  is  a  bad  conductor  of  electricity, 
unless  it  be  melted. 

Solubility* — I'he  solubility  of  phosphorus  in  different  liquids  i« 
represented  in  the  following  table  : — 

Solubility  of  P}iOsphor%i9  in  variout  Liq*udi, 
Wftter.. Slight. 


Strong  Acetic  acid 
Ali'ohol  (Sp.  Gr.  834) 
Ethar  {Sp.  Gr.  758)   . . 
Olive  oit  (Sp.  Gr.  916) 
Tiirpentino  (So.  Gr.  906)      , . 
Carboa  BbuJphido 

*   Se«  Woodman's  and  Tidy*B 


0*04  per  cent. 

e-4         „ 

0-0 

l-O 

2-5         ,. 

10  to  to  times  iti  weight 

**  Foroosic  Mcdidne,"  p.  73. 
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The  solutions,  however,  differ  in  strength  very  materially,  accor- 
ding to  the  length  of  time  that  the  solvent  has  acted. 

Table  showing   the   Solubility   of  Phosphorus   in   various   Liquids   after 
remaining  in  contact  with  them  for  different  times. 


Liquid. 

Qiumtltybj 

Qiuintity  by 
.Weight. 

Amooot  of  PlKMphoras  taken  np  dnrlng 

MeMore. 

Ittday. 

2iMldaT. 

SrddAy. 

4th  day. 

ftthdaj. 

6Uid«]r. 

Alcohol     ..      .. 
Ether       ..      .. 
Oliye  oU  . .      . . 
Turpentine 

loz. 
loz. 
loz. 
loz. 

400  gn. 
364     „ 
440     „ 

478     „ 

0-31 
2-9 
10 
31 

0-42 
30 
1-3 
4-8 

0-64 
31 
.2-4 
6-6 

0-96 
3-3 
30 
8*6 

1-6 

3-3 

40 

100 

1-6 

3-3 

4-4 

120 

When  the  hydrogen  flame  containing  phosphorus  is  examined  by 
the  spectroscope,  two  green  lines  are  apparent 

(3.)  Chemical, — Our  remarks,  for  the  present,  refer  to  the  ordinary 
yellow  variety  only.  Phosphorus  has  an  intense  afiinity  for  oxygen. 
Phosphoric  acid  is  produced  by  its  rapid  combustion,  and  phosphorous 
acid  by  its  slow  combustion,  in  diy  air  or  oxygen.  {See  Analysis  of 
Air,  p.  97.)  In  moist  air  the  fumes  evolved  from  phosphorus  are 
luminous  in  the  dark.  They  are  said  to  consist  of  ammonic  nitrate, 
formed  by  the  action  of  ozonised'  oxygen  on  the  air,  and  aqueous 
vapor. 

This  slow  combustion  of  phosphorus  is  influenced  by  many  circum- 
stances : 

(1.)  Phosphorus  is  not  luminous  in  pure  oxygen  at  a  temperature 
below  60°  F.  (15-6°  C). 

(2.)  The  presence  of  a  diluting  gas,  such  as  hydrogen,  nitrogen,  etc., 
greatly  reduces  the  temperature  at  which  phosphorus  becomes 
luminous. 

(3.)  It  is  essential  that  moisture  should  be  present. 

(4.)  The  luminosity  is  greatly  promoted  by  heat,  and  checked  by 
cold.  It  is  not  luminous  in  air  at  32°  F.  (0°  0.),  and  but  faintly  lumi- 
nous at  from  41°  to  43°  F.  (5°  to  6°  C.) ;  but  above  this  the  luminosity 
is  in  direct  ratio  to  the  heat  applied. 

(6.)  The  luminosity  is  increased  by  rarefaction ;  whilst  on  the  con- 
trary, a  pressure  of  4  atmospheres  entirely  checks  it. 

(6.)  The  luminosity  is  stopped  by  the  presence  of  certain  gases  and 
vapors.  In  addition  to  those  mentioned  in  the  following  table,  we 
may  also  name  bromine,  iodine,  nitrous  oxide,  nitric  oxide,  vapors 
of  alcohol  and  of  volatile  oils,  etc.,  as  interfering  with  its  slow  com- 
bustion. 
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Proportions   in   which    certain    Gi^ies    stop    the    slow    Comhuitlon 
Phosphorus  in  air  at  ortlinajjf  Tern  per  aiit  res  and  Presmrci 


i 


Kame  of  the  Gas. 

Proportions  in  the 
air  hy  volume. 

Temperfthiro  whssn  tlie 
luminoiity  CiOABes. 

Sulplmrett^d  hydrogen         

SuTphumus  acid        « 

Chlorine          

Do,      ,. 

Ethnr  ,. 

Olefiant  gtt«    . . 

Fhosphoretted  hydrogen 

Niiphtlia 

Oil  oi  turpontiTio 

Biaulpbido  of  Dorbon 

i 

Tin 

lODU 

Merest  trace. 

F, 
660 
44-9 
53*9 
65*8 
65-8 
66-8 
e6*8 
66-8 
65-8 
97*0 

C. 
18'9 

7-2 
12-2 
l«-8 
18*8 
188 
18-8 

188       _ 
18*8      1 
36-1      1 

Quantities  0/    Vapour   required  to   check  the   Litmnoiity  of  Phosphor n 
in  air  at  elevated  Temperatures, 


Gfl«,  or  Tapour. 


defiant  gw 
Ether  ., 
Do.       . . 
Naphtbfi 
IkirpetitiQe 


Teraperaturo  at  whsdi 
Oxidation  ceii«ea. 


P. 

199'9 
214*1 
219-9 
169-8 
186-9 


C. 

9S-3 

1012 

104-4 

76*6 

865 
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The  oxidation  of  phosphorus  in  air,  at  ordinary  temperatures,  may  be 
80  rapid  that  it  will  take  fire,  more  partieularlj  if  the  phosphorus  be 
in  a  finely  divided  state.     "We  may  note  that  phosphorus  flames  do 
not  spread,  owing  to  the  phosphoric  acid  generated  as  the  product 
oombustioD,  collecting  on  neighbouring  objects.     Pboaphorus  co: 
bines  with  nascent  hydrogen  to  form  phosphoretted  hydrogen 

Anion  of  IFfT^er.— Phoepborus  does  not  form  a  hydrate  with  watcr^^ 
but  when  preserred  for  eonie  time  under  water,  it  forms  phospboroni 
acid  and  phosphoretted  hydrogen  (K^  +  SH.O  =  HjPOs  -f  PH3). 

Action  ef  Hohiih, — The  haloids  attack  phosphorus  instantly. 
iodine  and  pbospborus  be  brought  into  contact,  they  at  once  ignii 
Brodie    has    shown   that    if   a    little    iodine   be    added    to    yello^ 
phosphorus,  molted  in  an  atmosphere  of  carbonic  anhydride,  it  will 
convert  an  almost  unlimited    quantity  of  the   yellow  into    the  red 
amorphous  variety.     This  result  depends  on  the  formation  of  an  iodidi 
of  phosphorus,  the  phosphorus  of  which   compound  is   amorphoi 
This  iodide  is  decomposed  as  soon  as  formed  by  the  yellow  pbos- 


do 
)tis 

I 

riU 
i'ed 
ida^ 


*  With  a  Urge  amount  of  naphtha  and  turpentine,  phoephonu  may  be  actUAlIy 
distilled  without  tiring. 


rnospMoiira. 


129 


phorus  to  make  more  iodide,  wliich  is  again  decomposed,  and  bo  the 
iictioa  proceeds  iodefinitely,  the  wlioltj  of  tlie  yellow  ultimately 
Lecoming  the  red  varietj. 

Phosphorus  combines  with  sulphur  and  Mlenium,  and  also  with  the 
metaU  (gold  and  platinum  not  excepted)  by  heat.     A  platinum  dish, 
when  constantly  used  for  igniting  organic  substances  containing  pbos- , 
pbates^  becomes  rough.  The  presence  of  phosphorus  in  iron  or  copper, 
effects  considerable  alteration  in  their  properties. 

Action  an  Metallic  Solutions. — Phr^spborus  reduces  the  salts  of  many 
of  the  metals,  such  as  those  of  gold,  silver,  copper,  platinum,  etc.,  but 
it  has  no  action  on  the  salts  of  lead|  iroui  zinc,  antimony,  arsenic  or 
manganese. 

Action  af  Acidi. — Hydrochloric  acid  has  no  action  on  phosphorus, 
either  hot  or  cold.  When  milphttnc  acid^  which  has  no  action  on  phos- 
phorus in  the  cold,  is  heated,  the  acid  is  decomposed  (3H^S04-hPe= 
2H5PO3  (phosphifovB  actV)H-  380^).  Stdphnrtms  acid  is  also  decomposed 
by  it ;  nitric  acid  oxidises  it,  phosphoric  acid  being  formed,  and  the 
lower  nitrogen  oxides  evolved  (6lIN0i  +  Pj  ^  2H3PO4  (phosphorio 
\Qcid)  +  *iNA  >  ^^O,). 

Action  of  Alkalies  and  Alkaline  Earths.  —  When  phosphorus  is 
lieated  in  contact  with  the  alkalies  and  alkaline  earths^  it  forms  hypo- 
phosphites,  phosphides,  phosphates,  etc.  If  the  vapour  of  phosphorus 
be  passed  over  lime  heated  to  redness,  a  chocolate  red  powder  ia 
formed  which  consists  of  a  mixture  of  caluic  phosphide  and  calcic 
-pyrophosphate : — 

14P  -|-140aO=  2Ca,,p2n-r  +  ^Ca^P^. 

PhoepboTUA     4*     Lime    ^     CuJcic  pYrophoepbAte     4*     Culcic  pboapbide, 

[14P  -hMCaO^         2P^O^Cao%         +  Sp^Ca.]. 

If  phosphorus  be  boiled  with  caustic  soda  or  potash,  phosphoretted 
hydrogen  is  evolved,  and  a  hy^>ophosphite  is  formed* 


+ 


3H^0    = 

Water    = 


3KH,P0, 


4- 
4- 


PH, 


3KH0 

PoUssic     -f     Phospbonu     -f     Water    ^     Potas*ic  hypo-     4*     Phosphoretted 

hydrate  phoaphite  hydrogen, 

aOKH  4.         P^         -f    30H«  =     3POH2K0     -h        PH3, 
Heated  to  redness  with  eodie  carbonate,  phosphorus  liberates  carbon. 
Phosphorus  has  no  action  on  dead  mucous  membrane,  unless  Ireely 
Eposed  to  the  air,  when  the  phosphorus  softens,  discolors^  and  in 
"time  dissolves  it 

The  red  variety  is  not  characterised  by  any  of  the  reactions  already 

loecTibed.     It  is  singularly  negative  ia  its  chemical  properties. 

Tests- — 1 »  ^^^  O^or.— This  may  be  recognised  in  very  dilute  solutions, 

2,  Its  property  0/  Fuming  in  Air  and  Shininy  in   the   Dark, — These 

fecta  are  only  manifest  when  the  phosphorus  is  examined  either  in 

be  dry  state,  or  in  solution  in  water,  vinegar,  or  in  the  fixed  oils,  the 

feds  beiDg  intensified  by  the  application  of  heat.     It  is  not  mam- 

st  when  it  is  dissolved  in  ether,  carbon  difiilphide,  alcohol*  turpentine, 

in  the  volatile  oils,  until  the  solvent  has  completely  eTaporatei, 
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3.  lis  Faculty  of  Evolving  Owwtf,  etc^  in  Damp  Air. — Tlu$  may  ^ 
known  hy — 

(a,)  A  solution  of  argentic  nitrate  on  wliito  paper  becoming  black. 
(/(3.)  Starch  and  potasaio  iotliile  an  white  paper  becoming  blue, 
(y).  Litmus  paper  being  first  reddened  and  afterwards  bleadied. 
(5,)  The  protosalts  of  manganese  being  discolored, 

4,  The  Color  of  the  Flame  and  the  Products  oj  its  Combustion. 
5*  Its  Action  on  certain  Metallic  Compoands, 
(a.)  Solid  phosphorna  reduces  metallic  gold,   silver,  copper,  etaj 

from  solutions  of  their  salts, 

(/3.)  Argentic  Nitrate  gives  a  black  precipitate,  with  a  solution 
phosphorus ;  cupric  sulphate  a  brown  precipitate ;  and  mercuric  chloride 
t^  ffdlow  precipitate. 

6.  Its  Conversion  into  Phosphoric  Acid. — Boil  the  phosphorus  in  a 
retort  with  twelve  or  fourteen  times  its  weight  of  dilute  nitric  acid 
(Sp.  Gr.  1-200).  Evaporate  the  solution  nearly  to  drjness,  and  dift* 
solve  the  residual  phosphoric  acid  in  water.  To  this  solution  the  testa 
proper  to  phoaphoric  acid  must  be  applied. 

Uses, — I^i  A\d(ire  phosphorus  appears  essential  to  plants  and 
animala*  It  is  found  abundantly  in  brain  tissue,  and  more  parti- 
cularly in  the  sexual  organs  of  both  plants  and  animals.  In  the  Arts 
its  principal  use  is  for  lucifer  matthos,  in  the  manufacture  of  which 
the  phosphorus  is  mixed  with  nitre  on  the  Continent,  forming  *'  silent 
matches/*  and  witli  potaesic  chlorate  in  Englandi  forming  **  detonat- 
ing matches,'*  The  use  of  the  red  phosphorus  in  match-making  ia 
becoming  extensive.  In  Medinm  phosphorus  acts  as  a  nervine  tonii 
and  aphrodisiac.  It  is  given  in  skin  diseases,  low  fevere,  phthiaii 
etc.  {Oleum  Phoaphoratum^  B.P,,  12  grg,  in  4  fluid  ounces  of  drie 
almond  oil  j  Pilula  Phosphoric  B.P.,  phosphorna  in  balsam  of  tolu  and' 
yellow  wax.) 

Compounds  of  Phosplwrus  and  Oj^«fi. 


Oxides  or 
Anhydridee. 


Suboxide  of 
phosphorus 

Pho^phorouB  I 
anhydride     i| 

Phoflfpboric 
anhydride 

Do. 


Do. 


Fonntila. 


P,0  (P) 

P,0,orF,0, 

PAorP,0, 

do. 

do. 


-f  Witter ' 


+  3H^0 


^  Acida  of  Plio«- 
phorus. 


H,PO, 
=2HaP0j0rHjP0, 


+  H^O    =H,P,0g0rHP0, 


+2H,0 


=H,P,0, 


-f  3H,0    =HftF,0,  or  H^PO^ 


ConBtltntioDal 

formulA 

lor  Acids, 


or  POHjHo 
or  POHHo, 
or  POjHo 
or  PjOjHo^ 

or  POnOg 


Name  d 
Acidi. 


Hypopfcoi- 

phoroun  acii 
Pbosphor9«n 

Acid. 

M«yiplioi- 

phoiie  icii 

Pyrophi* 

phone  MuL 

/     drtbopbof 

1  pborioMifit 

)    Pho«pbo»ii 


HYPOFHOSPHOBTJa   ACID. 


lai 


It  will  be  noted  from  the  above  table — 

1 .  That  there  is  no  anhydride  of  hypophosphorons  acid, 

2.  That  phosphoric  anhydride  forma  three  acids  by  combination 
rith  1,  2,  or  3  molecules  of  water  respectively. 

3.  That  although  hypophosphorous  acid  (H^POj),  phogphoroua  acid 
^POa),  and  common  phosphoric  or  orthophosphoric  acid  (H5PO4) 

ally  contain  3  atoms  of  hydrogen  in  the  molecule,  nevertheless 
tbey  differ  aa  follows :  — 

In  (a)  Hifpaphosphoroii^  acid  only  1  hydrogen  can  be 

[replaced  by  a  metal  (Monobasic.) 
In  (/3)  Phosphonms  add  only  2  hydrogens        ditto         (Bibasic.) 
^m     In  (y)  Fhosphonc   acid  all      3       ditto  ditto         (Tribaeic.) 


Suboxide  of  PhosphoriiB  (PiO). 
Tlua  compound  is  supposed  to  constitute  the  colored  residue  left 
aHer  the  combustion  of  phosphorus  in  air.  The  deposit  thus  formed 
haa  generally  been  regai^ded  as  a  mixture  of  red  phosphorus  and  a 
little  phosphoric  acid.  It  is  also  formed  by  mixing  phosphorus 
with  phosphorous  chloride,  exposing  the  mixture  to  air,  and  after- 
wardfl  boiling  in  water.  It  is  a  yellow  body,  becoming  red  at  high 
temperatures,  and  igniting  when  heated.  It  is  insoluble  in  water, 
without   smell   or  taste,   and   without   acid   or   alltaHne    properties. 

Iniere  is  much  doubt,  however,  as  to  its  real  nature. 
Hypopboaphorous  Acid,  n^VO^  (POH.Ho). 
The  anhydride  of  this  acid  has  never  been  obtained. 
Preparation,^ — l-  (a.)  A  baric  hypophosphite  must  be   first   pre- 
pared by  boiling  phosphorus  in  a  solution  of  baric  hydrate  (Eose) : — 
3BaH20^+     SPj      +6HgO=  8(Ba2H^P02)   +  2H3P. 

Baric  hydrnte+FhosphoruaH-  Watei-=J3arichypophospliiteH-  Fhosplioretiedbjdrogeii. 
[3Banoa -f     2P^     +60H.=.3PAn^Bao^   +  2PHJ, 

(/I)  The  insoluble  baric  hypophosphite  must  be  then  decomposed 
with  sulphuric  acid,  whereby  hypophosphorous  acid  is  set  free; — 

I  3(Ba2H.PO«)    +     SH^^SO^     =     3Bae04     +  eH^PO^. 

Baiio  hypophosphite  -h  Sulphuric  acid  ^  Bwic  sulphate  -f  HypophosphoTOus  acid. 
[SP^O^H^Bao^    +    aSO^Ho^   =  SSO^Bao'^  +        6POH.H0]. 

2.  By  decomposing  plumbic  hypophosphite  with  sulphuretted  hy- 
drogen ! 

i  (Pb2n^P0sJ        +       H28        =  PbS  +      2H;,P0a. 

Plumhk  hypophosphite   -f  Sulphuretted  ^  Plumbic  sulphide  -f  Hypi^phosphoroui 
bvdrogen  acid. 

[PjOsH^Pbo''        +       SH.       ^         PbS         +    2POH,Ho]. 

Properties. — ^Hypophosphorous  acid  may  be  obtained  aa  a  thick 
TiAcid  liquid  by  careful  evaporation  under  the  receiyerof  an  air-pum^« 
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It  has  n  stTong  add  reaction.  When  heated  it  id  decompoeedt  jittlding 
phosphoric  acid  aad  phosphoretted  hydrogen  (2H3pO^=HjP04-f  Hjl*^ 
It  rapidly  oxydizes  by  exposure  to  air,  forming  phosphoric  acid 
(H^PO^-f  0^T=H*|r04).  It  acts  as  a  powerful  reducing  agent  on  salt! 
of  gold,  mercuryi  etc. 

Hypophosphorous  acid  may  be  kuowii  from  phosphorous  acid  bf 
adding  cuprie  sulphate  to  the  free  add  and  heating  the  solution  to 
131°  F.  (55"^  C).     With  hj/pophosphorous  add  a  roddiah  black  predpi* 
tateof  cuprio  hydride  (CuoH^)  is  thrown  down,  which,  when  heated  in 
the  liquid  to  212"  F.  (lOO"^  0,),  is  decomposed  with  the  deposition  of 
the  metal  and  the  evolution  of  hydrogen.     With  phosphorous  a»rit/,  the 
metal  is  precipitated  and  hydrogen  is  evolved,  but  no  Cu^II,  is  formed. 
Further,  hypophosphorous  acid  reduces  the  permanganates  immedi- 
ately i  but  phosphorous  acid  only  alter  some  time.     W^hen  hypophoi- 
horous  acid  is  treated  with  zinc  and  sulphuric  acid,  it  is  converted 

to  phosphoretted  hydrogen. 

Although  the  acid  contains  three  atoms  of  hydrogen,  it  is  never- 
theless monobasic.     Thus  it  forms  salts  as  follows  : — 

(«0  Salts  of  monads  —  MTIaFO.,  €.<j.,  K'lLPO^. 

(/3.)  Salts  of  dyad  metala  —  M''2H5p6£,  e.g.,  Ba''2HsrOe. 

These  salts  are  prepared  by  boiling  phosphorus  in  an  alkalifl0 
solution — 

(a.)  3HK0  +    P4  +  3H2O  =    3{KHs.P0s)  -h  H5P ; 

(/3.)    3BaO  +  2P4  +  9H2O  =  3(Ba2H2PO^)  -f  2H3P. 

The  hypophosphitea  are  used  in  medicine,  as  e.  g.,  Calds  hjpophmp^^^ 
B.R  (Prep. :  by  boiliDg  together  lime,  phosphorus,  and  water),  ^^ 
Sod(B  hijpophosphiB^  B.P.  They  are  commonly  used  in  the  form  of  &yrupi 

Phosphorous  Anhydride^  P^^Oj  (PjO^.) 

SyilOliyinS.^-^j'tt'^;^^^^/^'^  Trwxtde  ;  Fhosphortis  Oxide. 

Preparation. — (10  By  the  slow  combustion  of  phosphorus  in  dij 
air  or  in  oxygen. 

(2.)  By  burning  phosphorus  in  a  very  limited  supply  of  air. 

FrOpertiBS, — ^  white,  flaky,  non-crystalline,  inflammable  Kilifc 
very  volatile,  emitting  a  garlic -like  odor.  It  ia  highly  deliqtieswBt» 
heat  being  evolved  at  the  moment  of  its  combination  with  water,  ftnl 
phosphorous  acid  formed.  Phosphorous  acid  cannot  be  chaiig<^* 
back  to  phosphorous  anhydride  by  heat.  If  phosphorous  anhydride 
be  heated  in  a  sealed  tube,  phosphoiic  acid  and  free  phosphorus  tf^ 
formed  (5P/>^— 3^.05  +  1*40 

Phosphorous  Acid,  H^POs(POnnne)- 

Synonym.—  HydHr  Fhmphite, 

Prejjaration*  (1.)  By  passing  moist  air  over  phosphorut. 

(i.t  Hy  the  action  of  chlorine  on  melted  phosphriniA  in  hot  watxffl 
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pTiosphoroufl  chloride   being    first    fonned,    whicli   is   afterwards 

I  decomposed  by  the  water.     Thus — 
I    (a)  Pg  +  3Cl,  ^  2PC1,. 

I  Pbotphorua         -I-         Chlorine         ^=        Pbosphoroiis  chloride, 

I  [P^  +  SQL        =  2PC1J. 

I   (/I.)  PCI5  +  3H.,0  =        H:,rOi        +  3H01 

I       PhoEphorotis  chloride  -H   W^ater  ^  Phoaphoroufl  acid  +    IlydnMjbltjric  acid, 
I  [PCI3         -|-30n^=      POHHo.      +  3HC1]. 

(3.)  By  the  action  on  phosphorus  of  a  saturated  solution  of  cuprio 
Bulphate^  whereby  an  insoluble  copper  phosphide  is  formed,  pbos- 
phorou^  and  sulphuric  acids  remaining  in  soltition.  The  latter  is  to 
be  precipitated  by  baryta  water, 

(4,)  By  heating  phosphorous  chloride  with  crystallized  oxalic  acid. 
Properties,    («.)   Sensihle   and  Fktfmcal. — A   thick  syrupy   liquid, 
from  which   deliquescent  crystals  may  be   obtaiecd.     It   is  decom- 
posed by  heat  into   phosphoric  acid   and  phosphoretted  hydrogen 
(4H3P03^3n,PO,  +  PH3> 

0.)  CheinicuL — When    phosphorous   acid    is    exposed   to   the   air 

phoaphoric  acid  is  formed.     By  the  action  of  phosphorous  acid  on  the 

Its  of  mercury,  silver,  gold,  etc*^  the  metal  is  reduced.     With  mer- 

ie  chloride  it  first  precipitates  calomel  It  reduces  aulphuroua  acid, 

BO  sulphur  being  deposited  by  the   secondary  actioa  of  the  H^S  oa 

lie  SO^  (2S02  4-2ngO-h6H5P03^2n2S  +  6n3PCV). 

Phosphorous  acid  Is  a  bibasic  acid;  one  or  two  hydrogen  atoms 
being  capable  of  substitution  by  a  metal.     Thus — 

Salts  (      Acid  M'H.PO^  aa  KH.PO;,. 

(with  monads)      \      Normal  M.HPO^  as  KsHPOa. 

Other  Salts         I      Acid  M^CH^^PO^j^. 
(with  dyads)       \      Normal  M'HPbj, 

It  ia  to  he  noted,  however,  that  phosphormts  acid  w  tribask  in  the 

phosphorous  ethers,  where,  as  in  triethyl  phosphorous  acid  {(CaH^JjPOs), 

three  hydrogens  of  the  acid  are  replaced  by  alcohol  radicals  j  but  it 

must  be  remembered  that  even   here   only   two   of  the   compoand 

radicals  of  these  oompounds,  can  be  replaced  by  metals. 

To  distinguish  phosphorous  from  hypophosphorous  acid,  see  page  1 32. 


^ 


Phosphoric  Anhydride,  ^<iO!i{Ffis)' 

Preparation. — By  burning  phosphorus  in  oxygen  or  in  dry  air.  It 

annof  be  prepared  by  the  action  of  heat  on  hydrated  phosphoric  acid. 

Properties, — Phosphoric  anhydride  is  a  white,  flaky,  delitjuescent 

ilid»  fusible  and  volatile  at  a  red  heat,  subliming  unchanged,  and 

eedy  of  moisture.     It  hisses  when  thrown  into  water,  due  to  the 

'apidity  of  its  combination  with  water,  which  cannot  be  again  com- 

letely  expelled  by  heat.   Heated  with  carbon  it  yields  carbonic  oxide 

d  phosphorus. 
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PliOBplioric  anTiydride  combines  with  either  one,  two,    or  thr 
molecules  of  water,  forming  three  acids  as  follows :  ^ 
(1.)  PgOa  +  H20=2HP03     =metapho8phoric  acid. 
(2.)  p50fl-|-2H50=H4P207  —pyrophosphoric  acid. 
(3.)  P2O5+3H2O— 2H3pO^=rortho-  or  common  phosphoric  acid. 
We  must  consider  these  in  order, 

Metaphosplioric  Acid  (HPO^^so)  (PO,Ho). 

SyHOHyiEi. — Ifyinc      Mctaphosplmte ;       Monohydrogen      Photph 
(Eoscoe), 

Preparation, — (l*)  By  dissolving  phosphoric  anhydride  in  wat- 
(PA+H,0=2HP03). 

(2.)  By  the  action  of  heat  on  orthophosphorio  add,  wherehy 
glacial  metapho^pboric  acid  is  formed. 

Properties* — A  colorless  solidi  very  soluble  in  water.  The  acid  in 
solution  changes  to  orthophosphoric  acid  slowly  at  ordinary  temperft- 
tnres,  hut  rapidly  when  boiled. 

The  metaphoaphates  are  formed  by  the  action  of  heat  either  on  a 
dihjdrir  phosphate  of  a  fixed  base  (NaHcP04=NaP0j-f  H2O),  or 
on  a  monohydrk'  phosphate  containing  one  atom  of  a  volatile  baae 
(NH4NaHP04=NH^+H20  +  NaPO^),  or  on  a  dthydric  ptfropfm^ 
phate  (Na.H.p207 =H.O  +  2NaP0:,), 

TfSts*^(l-)  Argentic  nitrate y  a  white  precipitate  (AgPOj), 

(2,)  The  acid  coagulates  albumen. 

Pyrophosphoric  Acid  (H4p207=178),    (PAHo,). 

SyHOnyni* — THraht^drk  Pjimphmphate ;  Bydrogm  Pt/rophosphaH 
(Uoscoe). 

Preparation* — ( lO  ^y  heating  orthophosphoric  acid  to  419*^  P, 
(215*=*  C.) 

(2.)  By  decomposing  plumbic  pyrophosphate  (PbgPA)  ^i* 
Bulphuretted  hydrogen : — 

Pb,P.07  +      2H,S       ^         2PbS  +      H4FA' 

Plumbic  pyrophoHphflte  -f  Sulpliuretted  ^  PIionl)ic  aulpMde  +  Pyropho?phociO 
hydrogen  aiid, 

[P.OaPbo'.  +  2SH^  -  2pbS'  +  P0O3H0J. 
Plumbic  pyrophosphate  may  be  prepared  thus.  If  the  rhombic 
crystals  of  common  sodic  phosphate  (Na..nPO;^+  12H2O)  be  heated,  H 
first  becomes  anhydrous  sodic  plioe phate  (NojHPO^),  and  afterward! 
by  further  heat  sodic  pyrophosphate  (Na^PoO^),  the  crystals  of  which 
are  acicular.  This  change  results  from  a  combination  of  two  mole- 
cules of  NaoIIP04,  and  the  expulsion  therefrom  of  one  molecule  of 
water. 

NagHP04      )  xf    T3n  .     rrri 

Na'HPo!      f      =      ^*^^^^T  H-  H«0. 

Common  sodic  phospbnt^  ^  Sodic  pymphofphale  -f  Water. 
2POEoNao5        =      T-^O^^fl^o^       ^r  OH5. 
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If  this  sodic  pyrophosphate  b©  now  dissolved  in  water,  and  plumbio 
acetate  added,  a  plumbic  pyrophosphate  will  be  precipitated  [Pb-^PjOy 
or  PgO,Pbo''j]. 

Properties. — ^Pyrophosphoric  acid  deposits  crystals,  when  the 
Bolution  is  evaporated  *  in  vacuo '  over  stilphnric  acid. 

It  is  a  tetrabasic  acid,  Thus  with  sodium^  we  may  have  all  the 
hydrogens  substituted  by  the  metaL 

Tests. —  Caicic  or  harit^  salts;  a  white  precipitate. 

Argentic  Ntirate,  a  white  precipitate  (Ag^P^Oj).  If  the  original 
solution  be  neutral,  it  will  remain  neutral  after  the  nitrate  of  silver 
BSiaa  been  added,  no  free  acid  being  liberated. 


Orthophosphoric  Acid  (H^PO,,  or  3H,0P,05--9a)  (POHo^). 

Common 


Synomyms. — Tribasic  pho^phcnc  add;  Phosphoric   acid; 
phosphoric  at  id :   Trihffdric  phof^phate  or  H^ydric  phomphaU, 

Natural  History.— ("0  Iii  the  animal  kingdom,  orthophosphorio 
acid  is  found  largely  in  bones,  and  in  ffuano,  which  is  the  partially 
decomposed  excrement  of  sea  fowl,  and  in  all  parts  of  the  animal  as 
weD  as  in  all  excretions  and  secretions,  (/3.)  In  vegetables  it  is  au 
eeaential  principle,  **  superphosphate  **  coDstituting  one  of  their  moat 
valuable  foods,  (y.)  In  the  mineral  kingdom  it  is  found  as  phos- 
phorite, apatitoi  coprolite  (so  named  with  the  notion  that  it  was 
petrified  dung),  etc.  In  all  cases,  however,  it  is  found  in  combination, 
and  chiefly  with  lime  and  magnesia. 

Preparation.^ — n.)  By  dissolving  phosphoric  anhydride  (P^Oj)  in 
water,  and  boiling  the  solution. 

(2.)  By  boiling  meta-  or  pyro-phosphoric  acids  in  water. 

(3.)  By  boiling  phos|)horus  with  dilute  nitric  acid,  the  lower  nitro- 
gen oxides  beieg  evolved,  (This  is  the  method  of  preparing  acid 
phnsphoricum  dilutum,  B.P,,  Sp.  Or.  1-08=10  per  cent,  of  P5O5)- 

(4.)  By  decomposing  bone-ash  (CajP^Og)  with  strong  sulphurio 
acid,  removing  the  insoluble  calcic  sulphate,  decomposiog  the  residual 
acid  calcic  phoaphate  with  carbonate  of  ammonia^  filtering  t^D  separate 
the  calcic  carbonate,  evaporating  to  dryness,  igniting  to  get  rid  of 
ammonia  and  water,  redissolving  the  residue,  and  boiling. 

(5.)  By  the  combustion  of  phosphoretted hydrogen  in  air  or  oxygea 
(PH3  +  20,=H3PO,). 

(6  )  By  decomposing  the  triphmibic  phosphate  with  sulphuretted 
ydrogen  (Pbs2P04  +  3n^S=.2n3pO^+  3Pb8.} 

Properties* — Tri basic  or  common  phosphoric  acid  is  a  syrupy  and 
very  acid  liquid.  By  evaporation  ''  in  vacuo  '*  it  may  be  obtained  in 
crystals.     By  a  heat  of  329°  to  410*"  F.  (160^  to  210°  0.),  it  loses 

ater  and  forms  |»2/rophosphoric  acid  (2HjP04  =  H^PoO^  +  H^O), 
which,  at  a  red  heat,  becomes  glacial  wie^aphosphoric  (^^¥^^=^30 
-h2HP0j). 
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Orthophospliorio  acid  ia  the  common  phosphoric  acid  of  commoo 
phosphatea. 

Orthopliosplioric    acid    is    tribaeic,    and   forms  three    dasaes 
salta  by  the  Bubstitution  of  1,  2,  or  3  hjdrngens  by  a  metaL    Thu 


1.  Aeid  BdU     . . 

2.  Neutrd  Salta  , . 


With  monads. 


Witli  dyads, 


M"2H,P0^ 


£jcAmpl€fl. 


[  Nn'HjPO^  Dihydnc  sodio 
[      pLate  (superphasphatesj, 
Nji'jFIPO^   Comcuou  Eodic 
[      pbato. 

Na',PO^  Trisodio  phosphate. 


ample, 
ted,  (^ 


When  these  salts  are  heated^  they  lose  water  and  form  other  saltt. 

Further,  the  base  need  not  be  necessarily  confined  to  one  metal ;  thus, 

in  mlcrocosmic  salt  (the  sodic-ammopic  hydric  phosphate)  for  example, 

WB  have  three  different  bosyls  in  oee  compound.     Thus — 

NaH^NHP04,4noO 

[PONaoNn4ono,40H^.] 

TestS' — Reactiom  of  ortho-  or  common  phosphoric  aeid, 

(a.)  In  a  free  or  combined  stale  in  an  acid  sohttion, 

(L)  Atnmonic  moh/bdaU,    a  yellow    precipitate,  when    heated^ 
ammonic  molybdophosphate,  soluble  in  ammonia* 

(b,)  In  a  combineti  state.  J 

(1.)  Lima  or  bar  if  t  a  water  ^  a  white  precipitate.  " 

(2;)    Ammonia     and    mdgnesic     miiphatyf,     a    white    precipitate  : — 
(Mg'^H^NPO^GH.O   or  POAmoMgo^GOHg),  insoluble  in  ammoi 
aoluhle  in  acids.     This  ignited  becomes  MgoP^O^, 

(3.)  Argentic  nitrate^  a  yellow  precipitate  (Ag-jPO*),  the  solution, 
although  previously  neutral,  becoming  acid.  Soluble  in  ammonia  and 
in  nitric  acid, 

(4*)  Plumbic  acetate  or  merctirot/*  or  bismuth  nitrate,  white  precipitatea 
(Pb32P0,). 

(5»)  Whitish  yellow  precipitates,  with  tiranic  nitrate  or  ferric  chloride^ 
soluble  in  ammonia  and  in  hydrochloric  acid. 

UBes. — ^n  iiature  it  plays  an  important  part  in  animal  and  vegetable 
tissues. 

In  the  arts  it  ia  used  in  cab'eo  printing,  and  in  medicine  its  use  is  i 
dictated  in  such  diseases  as  rickets,  etc. 

[Ammomm  phof^phas  (NH^)  2HPO4  is  made  by  adding  ammonia  1 
phosphoric  acid,  and  allowing  the  crystals  to  form,     Cafcis  pkosp 
(Ca32P04)  prepared  from  bones  (osnstum,  B.P.)  as  already  describe 
SodiF  phosphas  (Na.jHP0^/l2H20),  prepared  from  the  acid  phospha 
of  calniira»  by  the  addition  of  sodic  carbonate  (Ca2H^P04-f-Na4C 
^^n ,  R  PC,  +  H-jO  +  CO2  +  CaHFO^ ) .     Fetri  phosphas  ( "Fe32PO^)  pre-" 
pared  by  adding  sodic  phosphate   and  acetate   to  ferrous 
(aFeSO^H-  2Ka£HPO4  +  2NaCgH30g^  Fe32PO^+  3Na^jS04+2 
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Acidum  phosphmcum  dihttum,  prepared  by  tlie  action  of  nitric  acid  on 
phosphorus.] 

General  Bbmarks  on  the  Aoids  of  the  Oxides  of  Phosphorus. 

It  will  be  oonyenient  here  to  generalise  on  the  acids  of  the  oxides 
of  phosphorus. 

1.  There  are  three  modifications  of  phosphoric  acid  known,  viz. : — 
(a.)  Meta-  or  monohydric  or  monobasic  phosphoric  acid — HPO3,  or 

(/3.)  Pyro-  or  tetrahydric  or  tetrabasic  phosphoric  acid — H4Pg07, 
or  2H«0,Pg05. 

(7.)  Ortho-  or  trihydric  or  tribasic  phosphoric  acid — H3PO4,  or 

2.  These  acids  may  be  severally  prepared  by  passing  sulphuretted 
hydrogen  through  water  containing,  in  suspension,  the  corresponding 
silver  or  lead  salt.     Thus, 


(«.)     2AgP0,      + 
Argentic  meta-  -f 
pbocpbate 

[2POjAgo     + 

H4S 

Sulphuretted 
hydrogen 

(/3.)     Ag,PA    + 
Argentic  pyro-  + 
phosphate 

[PAAg04  + 

aHjS 

Sulphuretted 

hydrogen 

2SHe 

(y.)      2Ag,P0,    + 
Argentic  Ortho-  -(- 
phosphate 

[apoAgo,  + 

3H48 

Sulphuretted 
hydrogen 

3SHg 

2HP03 

Metaphosphoric 
acid 

2PO2H0 

H4PA 

Pyrophosphoric 

acid 

PAH04 

2H,P04 

Orthophoephoric 
acid 

2POHO3 


+ 
4- 

+ 

+ 
+ 

+ 
+ 


Ag,8. 

Argentic 
sulphide. 

SAgJ. 

2Ag,S. 
Argentic 
sulphide. 

2SAg,]. 

3Ag^S. 

Argentic 
sulphide. 

3SAg,]. 


3.  (a.)  The  solution  of  P2O5  in  cold  water  forms: — 

Metaphosphoric  acid,  TL^OfT^O^  or  POgHo. 
(/3.)  This  solution  (other  hydrates  being  present)  on  boiling  be« 
comes  :— 

Pyrophosphoric  acid,  2H20,Pg05  or  Pg03Ho4. 

(7.)  Whilst  on  prolonged  boiling  it  yields : — 

Orthophosphoric  acid,  SHgOjP^Os  or  POH03. 

4.  These  acids  are  distinguished  from  one  another  by  their  reactions 
on  albumen,  on  argentic  nitrate,  and  on  baric  nitrate  as  follows  : — 


On 
Albumen. 


On  Argentic  nitrate. 


On  Baric  nitrate. 


(a.)  Metaphospho- 
ric acid 

iP.)  Pyrophospho- 
ric add 

(y.)  Orthophospho- 
lie  acid 


Coagulates 
No  action 

No  action 


White  gelatinous  ppt.  (AgPO,). 

No  ppt.  unless  rendered  alka- 
b'ne,  when  it  gires  a  white 
ppt.  (Ag.P,0,).   ^     _,    ,^ 

No  ppt.  unless  rendered  alka- 
line, when  it  gives  a  yellow 
ppt.  (Ag,PO,). 


White  ppt. 

No  ppt.  unless  alka- 
line, when  it  gives 
a  white  ppt. 

Ditto         ditto. 
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6,  These  acids  form  corresponding  salts  ae  foUairfl  :^- 
(a.)  Metaphoftpha(€St  or  monophosphates — 

(/5.)  P}fropho9phatti^  or  tetraphosphates — 

„,  ^  ^    f  Na  ,P,07  -h  10H,0  (PANao^tlOOH^)- 

(y»l   Orthophosphatest  or  triphosphates — 

NaH.P(\,  H,0  ( POHo.Nao,OnO* 

Na^HP04.  l2lLjO         (POHoNaag420H«). 
Ka^PC\a2H20  (PONao3J20H2). 

Na;H^N,HPO^,4H20(PO.Ho,NaoAinu40H^). 
Ca^'JPO^  (PoOsOao^). 

Ca',H42PO^  (PAHo.Cao'). 

6«  All  forms  of  phosphates  may  he  converted  into  tribafiic  phos- 
phates by  fusion  with  an  alkaline  hydrate,  or  carbonate, 

7,  It  will  be  further  noted  that  if  water  or  ammonia  (these  beittj 
volatile)  enter  into   the  composition  of  the   salts,  heat  will  oonT< 
an  orthophosphate  into  a  pyrophosphate,  and  a  pyroj^hosphate  into  a 
metaphosphate.     This  will  be  better  seen  as  follows  : — 

{!*)  Duodic  hy<irie  orth&phosphate  when  heftted,  becomes  Sodie  pfrophtupkmt^. 

(Nii,0),H30,P,0,  (Nl^O)^?A' 

(2,)  Sodic  hydric  pyrophosphaU  „  , ,         Sodk  mfUpho*phaU* 

Ka,0,H^O,l'A  Kii,0,P,0,. 

(8»)  Sodic  ammonie  hydric  orthophoMphnU  „  »,         Sodie  mftftpho^tpKaU^ 

(MicfvcMtsic  salt) 
(8.)  The   reaction   of  the    several    salto    after    th^    additioa    of 
argentic  nitrate  is  important* 

I  (a.)  A  solution  of  metapbosphate  of  soda  (Na^>0^P^05  or  NaPO^ 
is  slightly  adcL  On  adding  argentic  nitrate,  a  white  gtlatinans  /)r«tj 
late  is  thrown  down,  and  the  solution  becomea  neutral^  thus— 

NaPO,  +       AgNO,       =  AgPOj,  +     N^Oj. 

Sodic  metaphosphate  -(-  Argentic  nitrate  ^  Argentic  metaphospluite  -f-  Sodic  mtimto. 
POeNao         +     NO^Ago      =  PO^Ago  +  NO.Nao, 

(/5.)  A  solution  of  sodic  pyrophosphate  {2N%0,P.^05,  or  Na^Pj^Oy)  is 
alkalim.  On  adding  argentic  nitrate  a  white  precipitate  is  thrown  down, 
and  the  solution  becomes  neutral.     Thus — 

I  Na^P.O^        -f      4AgN03      =  Ag^PoOj  +    4NaN0^, 

[  Bo^  pyropboiiphflte  +  Argentic  nitrate  ^  Argentic  pyrophoffphate  -|-  Sodic  nit^sit 

PsO^Nao^     -h     4N05Ago    =  P^O^Ago^  H-  4NO^ao 

(y.)   A    solution    of    sodic    orthophosphate    (Na0,2H20,P2O3    c 

1  NagHP04)  is  alkaline.     On  adding  argentic  nitrate  a  ifcllow  prenpttai 

is  thrown  down,  and  the  solution  becomes  acid.     Thus— 

Ka^HPO^  4-    SAgNOj  ^      Ag^jPO^      -f    2NaN0a    +     HNQ^ 

Sodio        +      Argentic      ^        Arj^mUc        4~        Sodio        4-       ^i'^H 

orthopho^bate  iiitrate  ortbopnoffphata  vitnte  ««idi^H 

POHoNaog  4-  3NO<jAgo  ^     POAgo,      +  2N0tNao  +  NO^M 


■ojB 
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(9.)  Other  yarieties  of  phosphates  have  been  described  by  Fleit- 
manii  and  Henneberg : — 

(a.)  By  heating  together  one  molecule  of  sodio  pyrophosphate  and 
two  of  metaphosphate,  a  salt  is  obtained  consisting  of  2Na3P04,Pj05. 

(/3.)  By  heating  one  molecule  of  pyrophosphate  with  eight  of 
metaphosphate,  a  salt  is  obtained  consisting  of  4Na3P04,3F205. 
Corresponding  silver  and  magnesium  compounds  have  been  obtained. 

These  compounds  are  very  unstable,  quickly  becoming  a  mixture  of 
pyrophosphate  and  metaphosphate.  It  would  thus  seem  that  the 
following  phosphates  have  been  prepared,  viz. : — 

Orkhophosphates      6MjO,2P305  or  4M3PO4. 

Pyrophosphates        eM^OfSVfi^  or  S^J^^Oj. 

Fleitmann  and  Henneberg's  salt  (a)   6MgO,4P205  or  2M6P4O13. 
Do.                             do.  (/3)  6MjO,5Pj05  or  MigPjoOji. 
Metaphosphates       6M20,6P205  or  I2MPO3. 

Compounds  of  Phosphorus  and  the  Haloids,  etc. 


Willi  Chloiine. 


Trichloride       . .  PCI, 

Pentachloride    ..  PCI. 

Oxytrichloride  . .  POCl, 

Sulphotrichloride  PSCl, 


With  Bromine. 


Trihromide       . .  PBr, 

Pentahromide   ..  PBr. 

Oxytrihromide  . .  POBr, 

Sulphotribromide  PSBr, 


With  Iodine. 


Diiodide    ..      ..     PI, 
Triiodide   ..      .,     PI, 


Phosphorons  Chloride,  PClaCPCl,). 

weight,    137*5.     Relative    tceight,    68*75.     Molecular  volume^ 
Specific  gravity  of  liquid,  1*516  ;  of  vapor,  4*79. 

Synonyms. — Trichloride  or  Terchloride  of  Phosphorus. 

Preparation,  (l-)  By  passing  phosphorus  vapor  over  heated  mer- 
curic chloride  (corrosive  sublimate). 

(2.)  By  the  action  of  chlorine  on  dry  melted  phosphorus  (Pg+SCl^ 
=  2PCI3). 

Properties. — A  transparent  colorless  volatile  liquid,  soluble  in 
benzol  and  in  carbonic  disulphide.  It  dissolves  phosphorus  and  also 
absorbs  chlorine  freely,  forming  PCI3.  At  its  boiling  point,  165-2®  F., 
(74°  C.)  it  absorbs  oxygen,  forming  POCI3.  It  is  decomposed  by 
alcohol,  by  ether,  and  by  a  large  excess  of  water,  in  the  latter  case 
hydrochloric  and  phosphorous  acids  being  produced.  If  hot  water 
be  used  the  re-action  is  very  violent. 


PCI, 

+ 

3H20 

= 

3HC1 

+ 

H2PHO,. 

Phosphorous  chloride  + 

"Water 

= 

Hydrochloric 

acid 

+  Phosphorous  acid. 

[POl, 

+ 

80H, 

= 

3Ha 

+ 

POHHo^,;^ 
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Phosphoric  Chloride,  Pa^iPCl,) 

Molecular    weight,     208%5.       Molecular   volumef 


L± 


Relative  weighty  52*1  to  104-25.    Specific  gravity  of  vapor  at  d72?  R 
(300*^  0.)  3-654, 

SynonymSi — PentacJdoride  or  Perchloridc  of  Phosphome^ 

Preparatioil.-^(10  By  the  action  of  chlorine  either  on  dry 
phosphorus  in  an  exhausted  flaak,  or  on  phosphorous  chloride 
(PCl3-fC],=PCU. 

(2.)  By  passing  chlorine  through  a  solution,  artificially  cooled,  of 
phosphorus  in  carbonic  disulphide.     The  solution  is  afterwards  ev^a«^ 
p orated  to  dryness.  ^M 

PropertieS.^^A  white  deliquescent  crystalline  solid,  volatile  (before 
melting)  at  212°  F,  (100'^  G.)  It  may  be  fused  under  pressure  at 
298^  F.  (148"^  C)  It  burns  when  passed  into  a  flame,  chlorine  and 
phosphoric  anhydride  being  formed.  It  combines  with  ammonia. 
When  acted  on  with  acids  or  with  alcohols  it  forms  chlorides  of  th© . 
radicals  of  the  said  alcohols  aad  acids.     Thus— 


CTI, 


C,H,Clor{Cg^^i^ 


CeHgO  or  j  qJ^;^jj^  becomes 

Eth/liv  Aftohol  becomes  Ethi^Uc  Chloride, 

It  is  decomposed  hy  an  excess  of  water,  hydrochloric  and  phosphoric 
acids  being  formed :— 

FCi5  +   4n„0    =  5HC1  +         H,P04, 

Phosphoric  chlonde     +     Water    ^     Hydrocbloric  acid     -(-    Phcwphoric  acid 


[PCI5  +    40H,  =  5HC1  H-       POHoj]. 

Phosphoric  Oxytrichloride,  POa3(POCl5). 


Moiemdar  weighty  153-5.  Mokcttlar  vobimej  I  [  1  *  Relative  weighty 
76"75.  Specific  gravitif  of  liquidj  1*7  j  of  vapour ,  5*298,  Boils 
at  230^  R  {110^  C). 

Sy  110113^1118. — Phosphoryl    Chloride    or    Trichloride ;     Oxychloride    oj 
Phosphorus. 

Preparation*  nO  By  the  slow  action  of  a  small  quantity  of  water 
on  phosphoric  chloride  {PC]5-t-H.0=P0Clj  +  2HCl), 

(2.)  By    passing   oxygen    through    boiling    phosphorous  chlorida 
(PClj+O^POCl,), 

(3*)  By  heating  together  phosphoric  chloride  and  phosphoric  an- 
^  hydride  (3PCl,,  +  P,05^5POCl3), 

(4.)  By  heating  an  acid   (such   as   oxalic   or  boracio  acid)   with 
phosphoric    chloride    (Qerhardt)    (5PCI5  +  2(BHj03)  =  SPOCa,  -f 

anci+B/j,). 

Properties. — A  Tolatile  limpid  fuming  liquid,  decomposed  by  water 
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into  hydrocHoric   and    phoBphuric   acida    (POCl3-h3H,^0=H5p04-f 
3HC1). 

The  importance  of  this  compound,  as  well  as  of  the  other  chlorides 
of  phosphoruSi  depends  on  its  action  in  producing  various  organic 
substitution  produeta. 

The  bromidea  and  oxybromide  of  phosphorus  correspond  to  the 
eblorine  compounds. 


Phosphoric  Smlphotrichloride,  PSCl,  (PS'cy. 


■  Both  at  257^  l\  (125'^  C). 

Synonyms, — SulphochloHde  of  Pho$pkonts, 

Preparation* — (l-J  By  decomposing  phosphoric  chloride  with  sul- 

Iphuretted  bjdrogen  (FCl5  +  SIl3=PSCl3+ 21101). 
(2.)  By  decomposing  phoflphoric  chloride  with  antimonioua  sul- 
phide (3PCI5  -h  Sb.83=3P8Cl3  +  28bCl,). 
Properties* — A  colorless,  fuming  liquid,  "W^ien  boiled  with  sodic 
hydrate y  it  forms  sodic  chloride  and  tri sodic  eulphophosphate ;  from 
this  latter  the  corresponding  barium,  calcium,  and  Btrontium  salts 
may  be  prepared  by  double  decomposition.  (Wurtz.) 


6NaH0     -h 
Sodic  hydrate 


PSCTI^ 


3NaCl 
Sodic  chloride 


3H^0. 
Water, 


I 


+   Na,PSO,    + 
Phosphoric       ^     Sodic  chloride     4-       Triaodic       + 
s  ulp  hot  mhltj  ride  siilphophosphate 

[fiONaH     +        rSCl^        =        3NaCl         +    PS'Nao,   +  SOH^. 

It  ifl  decomposed  by  water  forming  phosphoric,  hydrochloric,  and 
hydrosulphuric  acids  (2PSCljH- 8H,0=r2H3pO^+  GHCl-h 2n^8.) 

The  Iodu>es  of  Phosphortjs. 

The  K-  or  Biniodide  of  Phosphoms  (PI-)  is  prepared  by  adding 
2  atoms  of  iodine  to  1  atom  of  phusphoriifl  dissolved  in  carbonic  di- 
aulphidOi  and  subsequently  cooling  the  mixture.  It  forms  orange-^ 
coloured  prismatic  crystals,  melting  at  230"^  F,  (liO^  C),  and  decom- ' 
posed  by  water.  It  has  no  analogue  amoogst  oxygen,  chlorine,  or 
bromine  compounds. 

The  Tliiodide  (PJ.%)  i^  prepared  similarly  to  the  diiodide  by  usiag 
proper  atomic  proportions  of  the  eonstituenta.  It  forms  dark  red  del 
quescent  stx-sided  plates,  melting  at  130*^  F.  (oo^  C.)» 

By  heating  100  atoms  of  phosphorus  with  1  of  iodine  the  whole  of 
the  phosphorus  may  be  changed  into  the  red  or  Schrotter*s  phosphorus 
(nee  page  128). 

Other  compounds  of  oxygen  and  the  halogens  with  phosphorus 
have  been  described,  viz.,  pt/ropftoaphojyl  vhhride  (PjO^Cl^)^  phosphoms 
bromochlofidi  (PCljBrj),  phasphor^l  chlorohronmU  (PUClgBr)^  phosphotna 
iuiphobramoehhride  (P8Clr.Br),  etc. 
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PhosphamCHNsP?). 

PrepEiratioil* — By  saturating  phosphorous    chloride  (cooled 
freezing  mixture)  with  ammonia  gas,  a  white  saline  mass  (5H.|N»PClj)J 
is  obtained.    This  is  now  heated  in  a  current  of  CO^  until  cdl  the  saJ 
ammoniac  is  sublimed     The  residue  constitutes  PAM/jAaw,  (Gerhardt 

Properties. — ^A  yellowish-white  bulky  amorphous  powder,  term* 
phosphide  of  nitrogen  by  Rose.     Its  composition  is  probably  HN^ 
Bose  overlooked  the  presence  of  hydrogen  in  the  body,  inasmuch 
phospham  is  unaffected  by  chlorine,  and,  provided  no  air  be  preaeat, 
may  be  heated  to  redness  without  change* 


AcTioif  OF  Ammonia  on  Phosphorus  Compoukd8, 


ai- 

1 

at, 

d 


(1.)  When  anh^drom  phosphoric  acid  (P^Oj)  ie  heated  with  am- 
monia, phosphftmic  acid  {N^II,Pn04)  is  formed,  (^KH^+PoO^^H^O-j- 
N£H4Po04).  When  phosphamic  acid  is  heated  with  water  it  forms  thf 
acid  phosphate  of  ammonia  (KjH^p204+ 4H«0=(NH4),p,2HjO*P»0. 

The  pkosphamate  of  ammonia,  heated  in  a  current  of  dry  amma: 
loses  water,  and  becomes  phosphanh     Thus  ; — 

(NH^joON.n^PjfO^    =         5HoO         4-         2HKgP. 

PboBpbatnate  of  Amtnoniib    ^=  Water  +  Pboapham, 

(2.)  y^hen  phofiphoric  chloride  (PCI5I  is  heated  with  ammonia,  cMonh 
phospkamide  (NsHtPCl.,)  is  formed,  {P0l5  +  2NH,=2HCl-hNjjH4PCl,). 
By  boiling  this  body  with  water  it  becomes  phosphodiamitle  (N3II3PO)  j 
(NgH^PCls+H.^O^NyHiPO  +  SHCl)  which  by  heating  becomes  moiio- 
phosphamide  (TS^PO)  ;  (N^HaPO^NH^+NPO). 

(3,)  By  the  action  of  ammonia  on  oxi/chloride  of  phosphorus  (POClj 
phosphGtriamide  is  formed  (NjII^PO)* 

(4.)  By  the  action  of  ammonia  on  sulphocMoridi  o/phosphonti  (P8CI 
afdphosphittnamide  is  formed  (NjH^sPS), 

These  mnides  are  derivatives  of  ammonia  salts  by  the  loss  of  water 
molecules* 

(NH^jvjO,2n^O,P205  —  6H.0  =  2NP0.  Monophosph amide. 
2(Nn4)20,H20,PA  —  6hIo  ^  2K,n^P0,  Phosphodiamide. 
3(NH4).0,P^b5  —  6H.0  ^  2N3H,^PO,  Phosphotri amide. 

(NH4)g6,2HgO,P^05  —  4HsO  =  N.IT^P.p^,  Phosphamic  acid- 
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CHAPTER  VII, 


SULPHUR-SELENIUM— TELLUEIUM. 

Suxpnrn. — Compounds  of  Sulphur  with  Oxjgen  and  Hydroxy! — Sulphurous  anhy- 

(diide  and  acid  —  Sulphuric  anhydride  and  acid  —  Hypodulphuroua  acid  — 
Thiotulphurio  acid — Dtthiontc  acid  —  Triihiomc  acid  —  Tetrathionic  acid  — 
Pentathioaic  add  —  Compounds  of  Sulphur  and  Chlorine  —  CompouQds  of 
VGulphur,  Oxygen  and  the  Haloidi — Compound?  of  Sulphur  and  Phosphorus. 
PBEi.Kxir3f . — Compouuds  of  Selenium  and  Oxygen.  Tbllurtum, — Compounds  of 
vl'elltmum  aad  Oxygen. 
torn 
: 


SULPHUR  (8.). 

rTofiik  weight,  32.  Molec^dar  weight,  64.  Molecular  volume  at  1000°  0. 
l  I  .  hdom  thiSf  one-third,  Aiomieity,  Ihxad  (S^^O^Hog), 
tetrad  (S**Oj),  D^ad  (S^Hg).  Relative  weight,  32.  Specific  gravity 
of  iolids,  mrioui;  of  vapor,  at  SOO^'F.  (482*2°  0.),  6*617,  and  ai 
1904'^  F,  (1040^^0.),  2*23  J  melts  at  239^  F.  (115^0.)  j  boils  at 
836^  F.  (446°  C). 


^ 


SynonjnilS* — PyriteB  (ttvp  fire) ;  Brimstone  (Brume  or  Brmme  Btb^ 
and  Stem  a  atone)  ;  i^nlphur  (ml  salt,  and  wvp  fire.) 

History* — Sulphur  was  known  in  early  times.  It  is  mentioned  hj 
Mose&»  Iluuier,  and  Pliny,  and  is  referred  to  by  Oeber  aa  one  of  the 
principles  of  nature.  It  was  considered  l>y  the  alfhemiats  to  constitute 
the  impurity  of  the  baser  raetals.  In  the  middle  ages  it  was  regarded 
as  the  principle  of  fire,  and  every  combustible  body  was  etipposed  to 
contain  it. 

Natural  IHstoiy, — («.)  In  the  mineral  kingdom  sulphur  is  found  (1) 
in  Bfree  state  in  many  volcanic  districts,  either  in  yellow  crystals  or 
in  opaque  amorphous  masses  embedded  in  blue  clay  and  in  fisaures 
in  gjpsum  and  celestine  (virgin  or  native  sulphur).  [When  sul- 
pburetted  hydrogen,  steam,  and  air  are  passed  over  calcic  carbonate 
at  212°  F.  (100°  C\)  gypsum  is  formed,  and  sulphur  deposited.]  (2.) 
It  is  found  in  combination  with  hydrogen,  in  certain  mineral  waters 
(Harrogate),  and  with  the  metals,  as  sulphides  (FeS^*  *^o^^  pyrites; 
Cu^S.Fe^Sjj  copper  pf/rites ;  PbS,  galma  :  ZnS,  blende ;  SbjSj,  cnide  anti^ 
mom/ :  HgS,  cinnabar ).  (3.)  It  is  aleo  found  as  sulpliates,  as  e,g.^ 
aulpliatee  of  lime  (gypsum,  CaSO^),  bart/ta  (heavy  spa,  BaSO^),  stronlim 
(celeatine ;  SrSO^),  magnesia  (Epsom  aalta,  MgSO^),  and  soda  (Glauber 
«alt«,  Nfl^804). 

(/3.)  In  tlie  vegetable  kingdom  it  is  present  in  albumen,  gluten,  etc., 
and  also  in  the  acrid  volatile  oils,  such  as  essence  of  mustard  (C4H^NS); 
whilst  (y.)  in  the  animal  kingdom  it  is  found  aa  a  constituent  of  al- 
buznen,  fibrin,  and  caseinj  in  muecular  tissue,  hair,  bile,  etc. 


144 


HANDBOOK   OF    MODERN   CTTEMiaTBY, 


Preparation. — (l-)  By  a  rude  process  of  simply  melting  out 
Bulphur  from  its  impurities, 

(2,)  By  distilling  the  sulphuT  in  earthenware  retorts^  and  allowi 
the  distillate  to  flow  into  water.      This  '*  rough  sulphur,"   as  it 
called,  is  redistilled  in  iron  retorts,  and  the  sulphur  collected  either  in 
cooled  brickwork  ciliamhers  {forming  flowers  of  sulphur),  or  else 
a  liquid  which  is  afterwards  caat  into  rolls  (forming  roll  sulphur.) 

(3.)  Bij  the  disliliation  of  iron  or  copper  pt/tites.— The  p^o-ites 
heated  either  (a)  (n  close  vesseh^  when  one-third  of  the  sulphur 
driven  off,  and  magnetic  pyrites  remain  {aFeS^^FejS^-f  S^),  or  ( 
in  the  open  air.  This  is  done  in  the  ease  of  copper  pyrites  as  a  p 
liminary  stage  to  copper  roasting.  The  pyrites  heaped  on  brush 
and  fired  from  a  central  flue,  ia  kept  burning  for  months,  and  the 
sulphur  therefrom  collected  in  pits.  The  sulphur  prepared  from 
pyrites  generally  contains  a  little  arsenic. 

(4.)  By  distilling  the  spent  oxide  of  iron  used  in  gas  purificatioiL 
The  oxidej  by  successive  revivifications,*  becomes  charged  with  froi 
40  to  60  per  cent,  of  sulphur  (2reS  +  H20  +  03=FeA+OHg+Sj) 


Spent  oxide. 

(5.)  It  IB  also  prepared  from  the  tank  waste  of  alkali  works. 

Varieties. — ( l  ■)  Native  sulphur.— Thh  variety  occurs  naturally,  and 
may  also  be  obtained  by  the  spontaneous  evaporation  of  a  solution  of 
sulphur   in  carbonic  disulphide.     It  consists   of  transparent  yello^ 
crystals  (octahedra),  which  are  unaltered  by  exposure  to  air.     It  h 
a  specific  gravity  of  2*05.     It  fuses  at  239^  F.  (115^0.)      It   is  t 
most  stable  of  the  sulphur  allotropes,  and  is  the  ultimate   conditio 
which  aU  the  other  varieties  assume. 

(2,)    YeUow  8tt i/Ji w\^-Thh  may  be  crystallised  by  fusion  (obb'qi 
prisms).     It  is  brownish  yellow  when  first  prepared,  but  clxanges  bi 
exposure  to  air  to  an  opaque  yellow.     This  alteration  is  attend 
with  a  change  of  form  (octahedra)  and  the  evolution  of  heat.  It  has 
specific  gravity  of  1'98.     It  fuses  at  248^  F.  (120°  0.). 

(3.)  Duchk  mlphur^—Tlm  is  prepared  by  pouring  melted  suiph 
(800°  F.)  into  cold  water.     By  exposure  to  air  it  changes  into  ti 
crystalline  variety,  becoming  yellow  and  brittle,  evolving  heat  duri 
the  alteration.     A  similar  change  may  be  effected  by  heating  thi 
ductile  sulphur  to  230^  P.  (110*=^  C). 

(4.)  A  Buff  Amorphous  Variety, — This  constitutes  the  insoluble  n 
Bidue  that  remains  after  exhausting  the  flowers  of  sulphur,  or  the  d 
variety  after  prolonged  exposure  to  air,  with  carbonic  disulphide. 

(5.)  JFhte  Variett/  (milk  of  sulphur). — This  is  prepared  by  pred^ 
tating  a  solution  of  sulphur  in  an  alkali  (an  alkaline  polysulphide)  wil 
an  acid  : —  , 

{K^%  +  2Ha  ^  2KC1  +  H«8  +  2S«). 

•  By  reviTificafion  the  moiat  fcrrotii  sidpliide  is  changed  into  ferrir  hydrmte  tad 
&uJpbwr» 


1 


suhPMxm, 
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A  Black  Vatiify  has  also  been  described  by  Magnus,   as  well  as 
one  of  a  red  oolor^  bat  of  these  our  knowledge  ia  not  completa 
These  allotropie  forms  of  sulphur  may  be  thus  classified : — 


W 


Color    . . . ,  j 
Form    , . . 


OcUbedraL 


TfAiiJipareat 

yellow. 

CryBtiUj— Oc- 

iftliedni  with 

rhombic  b«je. 

239*  F. 
(115**  C.) 

Soluble. 


Prisnuitic. 


BrowniBh 
yeUow. 

Oblique 
pmcufl. 

1^98, 

24  ^^  F. 

(120°  C.) 

Soluble 

(abouged  into 

form  No.  1) 


3. 

Ductile. 


Deep  oiuber. 

Plnatic  amor* 
pbous  maaa. 


Kot  soluble. 


Amorphous 
powder. 


White  tiQior- 
pbouA  variety. 


Buff. 

Amorphous 
powder. 

1-96. 


Not  soluble. 


White. 

Amorphous 
powder. 


Very  soluble. 


8pedfic  grav. 

^^^fel^g  point 

^HA^ction  of  car- 
^V  bonic  disul^ 
^P     phide  >      ,  . 

Properties. — The   properties   of   Bulphur  differ  according  to  the 
^rariety : 

^H  (a.)  SensibU  and  Ph^iiokgical, — Sulphur  is  met  with  in  commerce, 
^nither  as  roll  sulphur  or  as  flowers  of  sulphur.  It  crystallizes  in  two 
^Pdistinct  forms,  viz.,  in  octahedra  and  in  obUc^ue  priema  (dimor- 
phous). Ordinary  sulphur  is  yellow,  but  the  colors  uf  its  allotropes  are 
Tarious.     Native  sulphur  is  transparent,  but  all  the  other  forms  are 

I  opaque.     It  has  no  taste  or  smell     Its  medicinal  attion  is  mildly 
laxative. 
I    (/3.)  PhifnicaL — The  specific  ^ramty  of  the  transparent  crystalline  variety 
IB  2*05  ;  of  the  priifimtic  I'Ud  ^  of  the  ductile  and  the  amorphous  powder 
195.     The  specific  gravity  of  the  vapor  at  900°  F.  (482*2^  C)  is  6617, 
Lhilst  at  1904^  F.  (1040"  C.)  it  is  2222,  (Deville.)     Thus,  at  1904^  T. 
pulphur  vapor  becomes  dilated  to  throe  times  the  bulk  it  occupies 
nt  900°  F.     This  fact  is  important.     We  mean  by  specific  gravity  the 
ireight  of  a  body  compared  with  an  equal  volume  of  dry  air  at  the 
name  temperature  and  pressure.     Hence  the  actual  temperature,  in 
the  case  of  most  gases  and  vapors,  is  of  no  consequence.     For  example, 
whether  oxygen  be  compared  to  air  at  6U°  F.,  or  to  air  at  600"^  F.,  so 
long  as  both  oxygen  and  air  be  at  the  same  temperature  when  the 
_     comparison  is  made^  their  weights  relatively  would  be  as  1'1U57  to 
^Ki*O00.     In  the  case  of  sulpliur  vapor,  however,  its  apecitic  gravity  at 
^BOO^  F.  is  6*617  ;  that  is,  it  is  six  and  a-half  times  heavier  than  air  at 
^BOO'^  F.p  the  atom  being,  therefore,  96  times  as  heavy  as  hydrogen. 
^TCt  follows,  therefore,  that  the  atomic  weight  of  sulphur  being  32,  the 
atom  would  only  occupy  4  of  a  volume.     But  at  1904°  F.  its  specific 
^avity  becomes  2^222 ;  that  is,  the  sulphur  vapor  is  about  two  and 
quarter  times  as  heavy  as  air  at  1904°  F.     It  is  evident,  therefore, 
at  sulphur  vapor  is  only  a  true  gas  at  this  higher  temperature,  one 
torn  of  sulphur  occupying  one  volume,  and  being  32  times  the  weight 
a  hydrogen  atom. 

L 
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AcU<m  of  Heat. — Sulpliur  ia  a  bad  conductor  of  heat. 
the  hand   it  (a*ackles^  owing  to  unequal  expansion. 


When  held 
It  is  slight 


Tolatile  at  common  temperatures,  and  freely  volatile  at 
(137-8'^  0.).  The  octahedral  variety  fires  at  239°  F.  (115°  C),  and 
the  prismatic  at  248°  F .  { 120^  0.),  It  boila  at  m^""  Y.  (446-6^  C). 
The  action  of  heat  on  sulphur  is  remarkable,  and  may  be  examined 
under  the  heads  of  Fluidity,  Color  and  Form. 

(1.)  In  respect  of  Fluidity. — At  a  temperature  of  from  250°  to280''R 
(121^  to  138^  a)  sulphur  becomea  liquid  j  at  350°  F.  (170°  C.)  it  be- 
comes thick  and  viscid ;  and  at  500°  F.  (260°  0.)  it  again  beoomet 
liquid. 

(2.)  In  respect  of  Cohr.^The  sulphur  remains  yellow  to  280°  F. 
(137-8'=^  C),  At  from  280°  F.  to  350°  F.  (138°  to  177°  0.)  it  becomes 
orange  j  at  from  350°  to  400°  F.  (177°  to  204°  0.)  it  turns  a  i^ddi&li 
color;  at  from  400°  to  500°  F.  (204°  to  260°  C.)  it  becomes  dark 
brown  ;  whilst  at  600°  F.  (316°  C.)  it  becomes  black.  j 

(3.)  In  re^ptfct  cfForm,~Wheu  sulphur  is  heated  to  239°  F.  (1 15°  G)    | 
and  cooled  slowly,  its  crystals  are  right  prisms;  when  heated  ahoTS 
this  temperature  and  cooled  slowly,  it  forms  oblique  prisma;  whilst, 
if  heated  above  500"^  F.  (260°  C),  and  then  cooled  rapidly,  it  assumes 
the  elastic  and  amoi*^»hou8  modification.  ^H 

We  may  state  these  facts  generally  as  follows : — ^When  the  enlphl^^ 
is  heated  to  280°  F.  (138°  0.)  it  becomes  liquid.      As  the  heat  is 
continued,  it  gTadually  becomes  thick  and  viscid,  until  at  350°  F. 
(17G'7°C.)  the  liquid  becomes  so  thick  that  it  will  not  fall  out  of  the 
vessel  when  inverted.     It  remains  at  this  temperature  for  some  time, 
notwithstanding  the  continuous  application  of  heat-     At  from  350°  to 
500°  F.  its  fluidity  is  restored,  and  it  assumes  a  dull  brown  color.    If 
it  be  now  poured  into  cold  water,  the  elastic  variety  is  produced.    Ill    j 
the  change  from  the  elastic  to  the  common  yellow  modification,  the  heil    I 
absorbed  at  350°  F.  (176-7°  C.)  is  evolved.    When  the  melted  sulphur 
is  allowed  to  cool,  it  passes  through  the  same  stages  inversely  as  wha 
heated,  that  is,  it  first  becomes  viscous,  then  fluid,  and  finally  solid*  i 

Sulphur  is    a    non-conductor  of  electricity,  becoming  negatiTfll 
electrical  by  friction*     All  the  varieties  of  sulphur  are  insoluble 
water,  but  are  soluble  in  alcohol,  chloroform,  and  ether,  and  (exo 
jng  the  amorphous  modification)  in  turpeDtine,  chloride  of  sulphurr 
benzene,  the  fi.xcd  oils,  and  more  particularly  in  carbonic  disulphide, 

(y.)  CAtfrn/cf?^. —Sulphur  is  combustible  at  from  450°  to  500°  F.  (235° 
to  260°  C.)  burning  with  a  blue  flame,  and  forming  BO^.  It  combioes 
freely  with  all  the  non-metals  except  nitrogen,  and  with  all  ths 
metals,  many  of  which  burn  in  its  vapor.  In  its  chemical  relatioos 
it  is  closely  allied  to  oxygen.  Chemically,  eulphur  may  be  divided 
under  two  heads  :— 

(L)  Where  it  is  ehctro-mgafive,  that  is,  where  it  is  separated  from  a 

compound  at  the  positive  pole  of  the  battery,  as  in  H^S.    This  fojmi* 

soluifie  in  carbonic  disulphide. 
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(2.)  Where  it  is  eleciro*posUiu€^  tbat  is,  where  it  is  separated  at 
the  negative  pole  of  the  battery,  as  in  80g  or  in  SgOlg.  This  form 
is  imohtble  in  carbonic  dieulpbide. 

Concentrated  nitric  and  sulphuric  acids  act  on  sulphur  slowly,  the  former 
converting  it  into  sulphuric  acid,  and  the  latter  into  sulphurous  acid*  It 
is  changed  into  sulphuric  acid  by  the  action  of  nitric  acid  and  potassic 
chlorate.  The  alkalies  dissolve  phosphorus  when  heated  with  it,  a 
mixture  of  a  hyposulphite  and  a  sulphide  of  the  metal  being  formed, 
Uses.^  ^  the  urts^  sulphur  is  used  in  match-making,  in  preparing 
TTilcaDised  caoutchouc,  in  bleaching,  and  in  the  manufacture  of  gun- 
powder and  oil  of  vitriol.  In  medicine  it  is  used  as  a  laxative,  and 
in  varioifs  forms  of  cutaneous  diseases.  In  the  preparation  of  the 
iulphur  precipitatum  (milk  of  sulphur),  the  pharmaoopoeia  directs  5 
parts  of  sulphur  to  be  boiled  in  water  with  three  parts  of  lime.  Thus, 
a  calcium  hyposulphite  and  polysulphide  are  formed  (SCaHjO^  +  eSj 
=2CaS5-f  CaS<j05  +  3lL,0),  The  sulphur  in  the  solution  is  now  pre- 
cipitated with  hydrochloric  acid  (2Ca85  -f-  CaS.O,  ^  GHCl  =  3CaCIg 
-hSHjO-f  68?).  The  eulphurous  acid  set  free  by  the  action  of  the 
acid  on  the  hyposulphite  decomposes  the  sulphuretted  hydrogeni  set 
free  by  the  action  of  the  acid  on  the  sulphide  (4H28+2SOj5s=3Sj 
-I-  4lly0).  *'  Milk  of  sulphur/'  however,  is  often  precipitated  by  adding 
^^ sulphuric  acid  instead  of  hydrochloric  acid,  and  in  this  way  becomes 
^■largely  adulterated  with  calcic  sulphate  (2Ca85-f  CaS^OiH-SH^SO^ 
Ws^aCaSO^+SHgO  +  eSj).  This  adulleration  may  be  known  by  a 
^P  residue  of  calcic  sulphate  being  left  on  ignition. 

Sometimes  a  trace  of  ai^seuic  is  present  in  the  sulphur  suhiimatum 
B.  P.  (flowers  of  sulphtir)  prepared  from  pyrites. 

Compcmrifh  of  Sulphur  with    Oxygen  and  HtfdroTyL 


% 

FAn 


Bxidfior 

Anhyddde. 

Formula, 

-i-Wfttot» 

=s  Ai:idB  of 
Sulphor. 

Constitutioaal 

formula  for 

acidi. 

Name  of  actd. 

H,80, 

BHo. 

Hypoaulphurous  acid.* 

phuroufl 

ihjdride/ 

SO,  or  SO, 

+H,0 

=H,SO, 

SOHo« 

Sulphurous  add*               i 

[»liufic     ) 

SO,  or  SO, 

+H,0 

=H,SO, 

SOjHo, 

Sulpbiuio  acid.                   1 

? 

-  1 
1 

pHAO, 

BS"Onn, 

\  so,no 

(  SI  l,Uo 
(  BOaHo 

(  SO^o 
i  SO.Uo 

Tbiofulphuric  acid*           J 
Dithioolc  acid,            ^H 

Trithiomc  acid.         ^^| 

1 

-< 

H,8.0, 

S" 
S" 

\  eojHo 

/  BO.Eo 

TotratMonic  acid. 

_£. 

H,8,0, 

(3" 

PentstMome  acid. 

(S 

^ 

\st>*no 

•  This  Will  be  coiuidered  afWr  aulphuric  acid. 
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Note. — (1.)  That  the  sulphur  in  these  oompoundsis  either 
tetrad »  or  dyad. 
(2.)  That  only  two    anbydridea  or  oxides  haye  h 
Mod  (viz,,  SOg  and  SO^). 


Sulphurous  Anhydride,  80.(30.). 

MoientJar  weighty  64.     Moleatlar  volume^    III  •     Relative   weight^ 
Spenfic  gravity   of  gas,  2*247  ;   of  iiquidf  1'38.      1    litre  of  the  ^otf 
tmghs  2-217  grvu,^  and  100  cubic  inches  69*814  grains.  fl 

Synoujnns, — Sidphnr  Dioxide;  Volatile  Spirits  of  Sulphur;  Phh- 
gi&ti^Qied  Vitriolic  Acid. 

History, -^The  irritation  produced  by  burning  sulphur  iajnentioned 
by  Homer  and  riiDy.  It  ia  said  to  have  caused  the  death  of  the 
elder  Pliny  (a,d.  79),  in  his  curious  enquiry  into  the  eruption  of 
Vesuvius.  Its  properties  were  studied  by  StaM  and  by  Priestley 
(1774),  who  determined  its  real  nature  by  burning  sulphur  in  pure 
oxygen. 

Natural  History. — ^It  is  found  in  the  air  of  volcanic  districts  and 
in  that  of  towns,  in  the  former  caae  issuing  from  volcanoes,  and  in 
the  latter  evolved  from  burning  coal,  or  from  roasting  copper  pyritei 
and  other  sulphur  ores* 

Preparatioili (l-)     By     burning    sulphur    in    air    or   oxyge^ 

(8  +  0.-=S0g), 

(2.)  By  heating  sulphuric  acid  with  metals,  as  oopper  or  mercuiyJ 

Cu     +     2H^80^      ^       CuSO^       +  S0«  +  2H5C 

Ooppei  4-  Sulphuric  actd  ^  Cupric  sulphate  -|-  Sulphurous  anhjdnde  -}-  Wate^il 

[Ou  +    2SO.no^    =      SOsCuo"     -h  SOe  +20Hjh 

(3.)  By  heating  sulphuric  acid  with  carbon  or  with  any  organic 
matter*  The  SO^  evolved  is  mixed  with  COo 


2H2SO4     +      G 


2S0, 


+ 


CO, 


-»-  2n!>o. 


Sulphurio  acid  +  Carboii  ^  Stjlphurous  inhjdride  -|-  Gorboiilc  fttihydnde  +  Vtiter. 
[2SO,Ho,   +       C     =  280,  +  -     COs  -1-20 

(4.)  By  heating  together  sulphur  and  manganic  peroxide* 

83       -h  MnO,,  =  SOg  +  MnS. 

Sulphur  +  Manganic  perojdde  ^  Sulphurous  anhydrid©  -f  Mmgonouf  «ilp1 

[8,     +         MnOe       =-  so,  +        MnS^. 

{60  By  heating  together  dehydrated  ferrous  sulphate  and  aulphar 
(FeS0,-H  S.=Fe8  +  280o). 

The  gas  must  be  collected  in  dry  bottles  by  displacement  or  orer 
mercury, 

Proporties.  (aO  Sensible, — A  colorless  gas  having  a  Btrong 
brimstone  odor. 

(j3.)  Physiological. — It  rapidly  destroys  life  when  in  a  concentrated 
form.    When  very  dilute  the  irritation  produced  in  the  first  instanos 
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TapiJly  paaaes  off,  the  animal  becoming  tolerant  of  somewhat  large 
quantities.     One  part  in  10,000  parts  of  air  ia  destructive  to  plant-life. 


r  Ptoportioa 
of  SO,  in 
10,000  of  dr. 


Physiological  effects  and  chemical  reactions. 


i-34 
2-00 

0^86 
0*1 


Air  iire^pirable.     Act*  instantly  on  iodic  acid  and  atarcli. 

Air  Htrong  both  to  taste  and  amell^     Aula  on  stiucli  and  iodic  aoid  ia 

30  seconds. 
Air  strong  to  emeU,  and  irritating.     Acts  on  test  paper  in  2  minutM. 
Smell  perceptible.     Acta  on  test  paper  after  some  time. 


(y.)  P%«iW. — ^The  gas  has  a  speciBc  gravity  of  2-247;  100  cubic 
aclies  weigh  69*814  grains.  It  Is  freely  soluble  in  water  and  in 
Icohol*  By  a  pressure  of  three  atmospheres  at  common  temperatures, 
Br  by  a  cold  of  — 0*4°  F.  ( — 18"^  C.)  it  becomes  a  transparent  liquid 
having  a  specific  gravity  of  1*38,  boiling  at  W  F,  (—10°  C)  and 
[>Udifying  at— 105^  F.(— 76°  C.)  The  solid  thus  formed  is  colorless 
ad  transparent,  and  melts  at  —110-2^  F.  (—79°  C) 
Liquid  sulphurous  anhydride  dissolves  bitumen,  phosphorus, 
■ulphur,  iodine,  etc. 

(?.)  ChendcaL — Sulphurous  anhydride  first  reddens  and  afterwards 
bleaches  litmus.  It  will  not  support  the  combustion  of  a  taper. 
It  is  a  powerful  reducwg  agents  owing  to  its  tendency  to  becom© 
idized.  When  a  sulphurous  acid  solution  is  heated  in  a  sealed  tube 
340°  F,  (171-'  C\)  it  yields  free  sulphur  and  sulphuric  acid,  one 
ortion  of  the  sulphurous  anhydride  becoming  oxidi^ced  at  the  expense 
Df  another  portion  (380£+2HyO=2ll2SC)t+S).  It  reduces  nitric 
icid  (2KNO.|+S05=H5804  4'N^04)j  also  iodic  acid,  setting  free  iodine, 
id  also  chromic^  arsenic,  and  permanganic  acids. 
It  is  a  powerful  bleaching  agent.  It  does  not^  however,  destroy 
lie  coloring  matter  (as  in  the  case  of  chlorine >  the  bleaching  action  of 
lirhich  is  due  to  oxidation),  but  merely  forms  culorless  compounds  ^ 
iih  the  coloring  matters.  The  color  of  the  article  bleached  with 
3O2,  may  be  restored  by  the  action  of  an  alkali  or  of  a  stronger  acid. 
Action  on  Chlorine. — Sulphurous  anhydride  combines  with  chlorine 
equal  volumes  under  the  influence  of  bright  eunshine,  to  form 
hlorosulphuric  acid  or  chloride  of  sulphury  I  (SilgCl^),  a  colorless  liquid 
emitting  very  acrid  irritating  vapors.  This  body  does  not  combine 
rith  bases-  It  is  decomposed  by  water,  forming  mlphuric  and 
bydrochloric  acids, 

NoTB. — The  chloride  of  ihionyl   (SOCL)   formed  by  the  action   of  ^ 
byx^ochlorous  acid  gas  on  a  solution  of  sulphur  in  subchloride 
Iphur,  is  also   decomposed  by  water,  sulphurous  and  hydrochloric ' 
cids  being  formed.     An  iodo- sulphuric  acid  has  also  been  described. 
Action  on  the  Afetah. — Bodium  and  potassium  burn  in  sidphurous 
lanbydride,  forming  a  mixed  oxide  and  sulphide.     K  aimiat  i^isvilLV 
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occurs    when    iron,    lead,    tin,    or    zinc    are    heated    in    the    gas 
(SOg  -f  3Zn =ZiiS  4-  2ZnO). 

When  Bu]phiirotiB  anhydride  Ib  passed  into  a  solution  of  a  metal 
hffdraUy  a  sulphite  is  formed.     It  is  to  be  noted  that — 

(a,)  If  the  acid  be  in  excess,  an  acid  svlphtle  (MHSO3)  is  formed 
KH0  +  S02=KnS03(OKn4-S02=S0HoKo);  but  that— 

Q3,)  If  the  hydrate  be  in  excess,  a  normal  or  nmtral  sulphite  (M4SO3) 
is  formed,  2KH0  +  B0,=E:,S0^  +  H.0(  20KH  +  SO.^  SOKo^ + OH,) 

Passed  tjver  metallic  pirojcideif,  Bulphurou^  anhydride  forma  sulpha! 
(PhOj  +  SO.^PhSO^), 

In  the  presence  of  moisture  sulphurous  acid  decomposes  8ulph%erdi 
hydrogen^  pentathionic  acid  being  formed  (10SO^+ lOH^S^dSj-l- 
SHgO  +  SH^S^O^  (pentathionic  acid).  The  sulphur  thrown  down 
during  this  reaction  is  electro-positiTe,  and  insoluble  in  carbonic 
disulplude. 

Sulphurous  anhydride  is  a  powerful  antiseptic  and  disinfectant. 

Sulphurous  Acid  (HsSO^  or  SOHo^.) 
Water  dissolves  about  40  or  50  times  its  bulk  of  sulphurous  anhy* 
*dride,  forming  a  sulphurous  acid  solution.  This  acid,  when  cooled 
l>elow  —40^  F.  (—40^  C),  yields  a  c ry at aUine  hydrate  (H^SO,,  SH^O), 
which  fuses  at  39*2^  F.  (4^  C),  Salphuroua  acid  expels  carbomc 
anhydride  from  its  compounds.  It  is  readily  decomposed  hj  heat  into 
exilphurous  anhydride  and  water,  and  freely  abBorbs  oxygen  from  the 
air,  forming  sulphuric  acid.  In  the  presence  of  nascent  hydrogen  it 
forms  sulphuretted  hydrogen.  It  dissolves  and  is  decomposed  by 
those  metals  which  evolve  hydrogen  with  hydrochloric  acid.  It  is  a 
dibasic  acid|  forming  two  classes  of  salts,  Yiz,^  acid  and  normal 
sulphites. 

Tests. — (1-)  Its  brimstone  odor.  ' 

(2.)  Starch  and  iodic  acid.  The  SOg  reduces  the  iodic  acid,  the  free 
iodine  turning  the  starch  blue. 

Uses* — In  '^fi  ^f'l^  it  is  employed  as  a  bleaching  agent  for  straw, 
wool  and  hair,  nuts,  etc.,  and  also  as  an  *  antichlor'  to  get  rid  of  the 
excess  of  chlorine  in  goods  bleached  by  that  gas  (S02+2H40-f  Cl^^:^ 
H^SO^+^HCl).  It  is  also  used  as  an  antiseptic,  to  preyent  fs^ 
mentation,  for  'curing^  vegetable  and  fruit  extracts,  and  as  a  meat 
preservative.  Thus  beer  and  wine  casks  are  first  sulphured.  Its 
chief  use  is  in  the  oil  of  vitriol  manufacture.  It  is  largely  employed 
as  a  disinfectant. 

Sulphimc  Anhydride,  SO,  (SO,). 
Molecular  tpeiffht^   80.       Mokcidar    volume,     I    I    I  -       Specifle 
1*95.     Melts  at  65°  F,  (IS'S'^  0.).     Boils  at  95°  F.  (35<*0.)- 

BynonjmB.Sttlphur  trioxide;  Sulphuric  oxide ;  Anh^drcui  tufyii 
acid. 
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Preparation,— (I.)  BjpasaiBg  sulplmroiia  anhydride  and  oxygen 
either  over  heated  platinized  aabeatos  (80^  +  0=80-,)  or  through  a 
tube  heated  to  rednese,  containing  oxide  of  copper  and  aesquioxide  of 
duronunm.  (Wohler.) 

(2.)  By  heating  a  mixture  of  sulphuric  acid  and  phofphoric  anhydride* 
a,804     +  P,05  ^  80,  +        2FHO3, 

8iil|iburic  acid-f  FhospbortG  tnbydride  ^  Sulphuric  snhydrideH-Metapbcwphorio  aoid. 

(3.)  By  distilling  Nordhausen  sulphuric  acid  into  an  ice-cold  receirer 
(HjSO^.  S03==H^804-f  SO3). 

(4.)  By  the  action  of  heat  on  anhydrous  sodic  hisulphate  (diaodio 
disulphate.) 

=  Na,>SO.  +  8O3. 

^        Sodic  sulphate        +        Sulphurio  anhydride. 


[{! 


Na30,2SO^ 
8odic  biaulphate. 
SOgNao 

0  =         SO,Nao«         -I-  SO3L 

SOjNao  J 

Properties, — (<^0  Sensible  and  PhyaicaL  A  white,  odorless,  asbestos- 
i  like  body^  capable  of  being  moulded  with  the  fingers.  It  has  a  ape- 
■hific gravity  of  1-95.  It  melts  at  65^  F.  (18-3°  C),  and  boils  at  95'"  P, 
^mSd^  0.)*  It  liqueEes  by  exposure  to  air,  and  is  decomposed  by  heat 
Vinto  oxygen  and  sulphurous  anhydride. 

()3.)  Chemicah  It  is  not  acid  to  dry  litmus.  It  does  not  burn  tho 
dry  skin.  It  dissolves  sulphur^  forming  with  it  deEnite  compounds. 
It  has  a  great  afEnity  for  moisture/fuEoing  in  the  air,  and  biasing  when 
dropped  into  water,  instantly  forming  Bulphurio  acid,  which  cannot, 
ailer  combination,  bo  separated  into  water  and  the  anhydride.  With 
ammonia  gas  it  forms  ammonic  sulphamate. 


SULPHtTEIC  ACID,  H,SO,  (SO.HOsO 

Mokcuiat  weight,    98.      Mokctdar  tfolume^ 


t  Synonyms* — Vitriolic  add;  Oil  of  Vitriol ;  Oil  of  Sulphur  ;  Vitriol; 
pirttj  or  Essence  of  Vitriol ;  JDihtfdrw  Sulphate  ;  Frotoht/dtxite  of  Sul- 
huric  acid. 

History .^ — ^Frobably  known  to  Oeber  in  the  8th  century.  It  is 
mentioned  by  Basil  Valentine  (15tli  century),  and  was  fully  and 
accurately  described  by  Domoous  in  1570. 

Natural  History,  —  {«*)  In  the  mineral  kingdom  it  is  found  in 

a   free    state  in  the  '*  vinegar    springs'*   of  volcanic  districts,    and 

largely  in  combination  with  lime,  etc.     {fi.)  In  the  vegetable  kingdom 

it  is  found  combined  with  alkalies  in  the  juices  of  plants  ;  and  (y»)  in 

i^ihe  animal  kingdom   it  is  found  to  a  small   extent   free,  as  in  the 

^^alivary  secretions  of  certain  animals  (Dolium  Galea,  2*7  per  cent.), 

^tod  to  a  large  extent  in  combination. 

Preparation, — (l*)  Either  by  the  oxidation  of  sulphur  by  boiling 
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it  in  aqea  regia,  or  by  ita  exposure  to  air  in  the  presence  of  water 
(8^  +  303+2H20— 2H^60^),  orl>y  the  oxidation  of  sulphurous  acid, 
either  by  exposure  to  air  or  oxygen  (H^SO^-f  O^HoSO^)*  ^m 

2,  By  the  action   of  water  on  sulphuric  anhydride  (SO-j-l-IIjO^s^ 

3,  By  difitilling  dry  ferrous  sulphate  (green  Titriol),  prepared  by 
the  oxidation  of  iron  pyrites.  This  is  the  old  plan  6 till  adopted  at 
Nordhausen  in  Saxony.  ( Basil  Yalentine,)  The  acid  produced  by 
this  process  has  the  formula  nj;S04,S0j.  Coloothar  {Fe^O^)  m  I 
the  retort  after  the  distillation  ia  complete, 

4*  By   passing   sulphurmis   miktfdrlde    (SO^),    vapors  of  nitric 
(HNOj),  i^team  (H/)),  and  air  into  a  leaden  chamber,  eo  arranged 
to  ensure  their  perfect  admixture*     A  shallow  layer  of  water  eovi 
the  bottom  of  the  chamber.  (Eoebuok,  1720.) 

(a.)  The  mlphuroiis  avhjflriih  is  generated  by  burning  crude  nU^ 
or  pyriits  (which  contains  30  to  35  per  cent,  of  sulphur),  or  the  j*p<w* 
oxide  of  gas  works  {which  often  contains  40  to  60  per  cent,  of  sulphur) 

(/3.)  The  nitriv  acid  is  generated  by  the  action  of  sulphuric  acid  on 
Bodic  nitrate. 

(7.)  The  ^feam  is  derived  from  a  special  water  boiler. 

(l,)  The  air  is  provided  in  duo  quantity  by  maintaining  a  001 
current  through  the  leaden  chamber. 

Eoughly  the  changes  that  occur  may  be  stated  as  follows : — The 
nitric  acid  oxidizes  the  sulphurous  anhydride,  thereby  converting  it 
into  sulphuric  acid.     The  nitric   acid  (HNO-j)  becomes,  by  constantly 
parting  with  its  oxygen,  nitric  oxide  (N^O^),     This  nitric  oxide  i 
mediately  takes  oxygen  from  the  air,  and   becomes  nitric  peroxii 
(Nr^O^),  which  is  again  capable  of  converting  fresh  sulphurous  anh; 
dride  into   sulphuric  acid.      Thus  theoretically  a  small   quantity 
nitric  acid  vapor  in   the  presonce  of  air,  will  convert  an  indeiini 
quantity  of  sulphurous  anhydride  into  sulphuric  acid,  the  NgOg  merel] 
acting  as  the  carrier  of  oxygen  to  the  SO^. 

The  following  are  the  more  accurate  details  of  the  reaction :  — 

(a.)  The  sulphurous  acid  is  first  oxidized  by  the  nitric  aeid«  nitric 
peroxide  being  set  free. 

SO,  -h  2HNOa=n5S04 + N  A- 
(^.)  In  the  presence  of  steam  the  NgO^  becomes  nitric  acid  (HNOj 
and  nitric  oxide  (NgOo). 

3NA  +  2H-p=4I[NO^+ NA- 
(y.)  The  HNO,  thus  formedi  instantly  oxidizes  more  sulphurouB 
anhydride,  and  the  N^O,  takes  oxygen  from  the  air,  becoming  N^0| 
and  N^04,  which  also  oxidizes  the   SO^^  NgOg  being  again  formed. 

N  A-i-  SO2+ H20= n^so^-i-  n.20b. 

This  NjOg  again  becomes  N^Oj,  and  N^Oi  and  so  on* 
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If  little  or  no  Bttam  hi  present  m  tlie  chamber,  a  white  flaky  crystal- 
line body  (N£05,2SO,,  ?)  is  formed,  produced  by  the  direct  combioation 
of  nitrous  aDhydride  or  nitric  peroxide,  with  oxygen  and  sulphuroua 
anhydride.  When  this  folia  into  the  water  at  the  bottom  of  the 
chamber,  it  ia  decomposed,  sulphuric  acid  being  produced,  and  nitric 
oxide  set  free.  This  latter  coming  into  contact  with  the  air,  im- 
mediately becomes  N^O^,  and  again  forms  fresh  flakes  of  this  white 
crystalline  body  by  combuiing  witii  eiilphurous  anhydride.  But  when 
steam  is  present^  this  white  body  is  not  formed,  but  the  sulphuric  acid 
ia  at  once  produced,  and  falls  as  a  fine  spray  into  the  water. 

Properly,  nothing  should  escape  from  the  leaden  chamber,  except 
atmospheric  nitrogen.  Such  theoretical  accuracy  is  not,  however,  of 
practical  attainment  To  guard  against  loss  and  nuisance,  the  outlet 
of  the  leaden  chamber  is  usually  proA'ided  with  two  coke  scrubbers. 
The  first  of  these  is  kept  moist  with  sulphuric  acid  to  retain  the  nitric 
oxide,  whereby  what  is  called  nitrous  sulphuric  acid  is  formed,  and 
from  which  by  heat  the  nitrous  fumes  are  driven  back  again  into  the 
leaden  chamber.  In  the  second  scrubber  the  coke  is  moistened  with 
wat^r,  the  liquor  from  which  is  allowed  to  flow  on  to  the  floor  of  the 
leaden  chamber. 

When  the  acid  in  the  chamber  has  a  gravity  of  from  1  '4  5  to  1  '6  itJ 
is  drawn  olf,  inasmuch  as  if  it  were  allowed  to  become  of  greater" 
concentration  it  would  dissolve  nitric  oxide.  This  forms  ehamber  cuirf, 
and  ia  used  in  the  salt  cake  manufacture.  The  chamber  acid  is  con- 
centrated first  of  all  by  evaporation  in  leaden  pans  until  it  has  a 
gravity  of  1'72,  beyond  which  the  acid  would  seriously  aflect  the 
lead.  This  forms  the  brown  acid  of  commerce,  and  is  used  in  the 
manufacture  of  superjihosphate,  and  for  other  rough  purposes.  It  is 
afterwards  distilled  in  glass  or  platinum  vessels  (the  weak  distillate 
being  used  for  the  leaden  chamber)  until  the  acid  in  the  retort  has  a 
gravity  of  I '842.     This  forms  the  English  oil  of  vitriol,  or  O.T- 

VarletiGB. — The  anhydride  forms  four  definite  compounds  with 
water. 

(1.)  Nordhauaen  sulphunc  acid^  gt  fuming  oil  of  vitriol  (TIoSO^jSOs). 
Thia  is  prepared  by  the  dietillation  of  green  vitriol.  Specific  gravity, 
1*9.     It  is  used  for  dissolving  indigo. 

(2.)  Oil  oj  vitriol,  or  true  ^vlphuric  afid  (II^SO^).  This  cannot  be 
prepared  by  merely  boiling  down  a  weak  acid,  the  acid  thus  obtaint^d 
always  having  the  composition  H^SO^j^^^H^Oj  or  l2S0i„  1311^0.  By 
exposing  this  strong  acid,  however,  to  a  freezing  mixture,  the  acid  of 
the  formula  H^SO^  crystallizes  out.  These  crystals  melt  at  51^  F. 
(10  5^C.)»  and  boil  at  640^  F.  (470*^0.),  when  the  litLiiid  gives  off 
sulphuric  anhydride,  the  resulting  acid  solution  Laviug  the  formula 
1280^.1 3H^0. 

(3.)  Glacial  sulphuric  add  (B^..SOiJl,fl).  This  is  prepared  by  cooling 
an  acid  of  specific  gravity  1*78  to  47  F.  (8*3'  C),  when  rhombic  crystaU 
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of  H.SO^,H.O  separate.  It  boilfl  at  400°  F.  (205°  C),  giving  off  a 
weaker  acid. 

(4,)  Graham* g  acid  (HaS04,2H^O). — Tbis  is  prepared  by  evaporating 
a  dilute  acid 'in  vacuo  *  at  212°  F.  {lOO^C),  until  it  ceases  to  lam 
weight.     Specific  gravity,  1  ^62.     It  boils  at  379^  F.  ( 1 93*=*  a  J. 

These  facts  are  tabulated  by  Miller  as  follows : — 


Formula. 


Fnaing  point 

BoQisg  point. 

^C, 

o^ 

°C. 

°F. 

IS'3 

6d 

35 

95 

36-0 

9d 

62-2 

126 

10-5 

51 

338 

640 

8-3 

47 

205 

400 

193 

379 

SulphuTic  anhydride    , . 
Nordhau&cti  giilpliuric  acid 
True  eiilpbuiio    acid,    OQ    of 

vitriol 
Glacial  add 
QraEam^ettiid  *•        .,         *, 


80, 

HjSO^jSOa 

H,S04,2H^O 


1-95 

19 

1-84SJ 

1-780 

16^ 


Impueities,  akd  Tests  fob  the  iMPUKiriEs  of  StrLPHtrRic  Acm.      S 

(1.)  Compounds  of  Oxt^gen  and  Nitrogen  (derived  ^m  the  nitric 
acid  used  in  the  manufacture).  ^m 

Tests, —  (a.)  Turns  ferrous  sulphate   an  olive  green  color,     (fl-^^ 
Bleaches  dilute  Indigo, 

(2.)  S^lphurma  Acid  (derived  from  the  unoxydised  SOo  in  the 
chamber). 

Test — Sulphuretted  hydrogen  is  set  ^ee  when  zinc  is  added  to  the 
acid. 

(3.)  Arsenic  (derived  from  the  pyrites). 

Test — (a-)  Marshes  teat.     (/3.)  Neutralise   the    acid  with   poi 
carbonate,   acidulate  with  hydrochloric  acid,  and  pass  sulphurettdti 
hydrogen  through  the  solution,  when  the  arsenic  will  be  precipitated 
as  a  yeOow  sulphide  (orpiment), 

(4.)  Lead  (derived  from  the  leaden  chamber). 

Test, — Mix  the  acid  with  about  10  times  its  bulk  of  water,  whett? 
the  lead  sulphate,  which  is  insoluble  in  a  weak  acid,  will  be  preci* 
pitated*  Boil  the  precipitate  in  a  solution  of  aodic  carbonate ;  filter ; 
test  one-half  of  the  titrate  with  potassic  iodide,  and  the  other  half 
with  sulphuretted  hydrogen. 

(6.)  Saline  Impuriiies  (derived  either  from  the  nitre,  or  else  pur* 
posely  added  to  increase  the  gravity  of  the  acid). 

Test. — ^Evaporate  to  dryness  for  residue. 

(6.)  Carbonaceous  Matter  (derived  from  the  accidental  admixture  of 
the  acid  with  organic  matter). 

rest.— The  color  of  the  acid. 


tassilH 

retteii| 
I 

I 


PtTRIFlCATIOlf  OF  StTLPHtmiC  AciD, 

Dilute  1  part  of  the  acid  with  5  parts  of  water.     Pass  sulphuretted 
hydrogen  through  the  mixturo  for  5  or  6  hours.     Allow  the  solid 
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Bipurities  to  subside,  and  syphon  oflf  tlie  dear  liquor.     Mix  this  with 
teaspoonful  of  common  salt,  and  distil,  rejecting  the  first  portion 
that  pasBes  over. 

Properties, — («•)  SenmhU, — ^An  oily  liquid,  without  color  or  smell 
when  pure,  but  ordinarily  more  or  less  colored,  from  the  presence  o^ 
organic  matter*  It  is  an  intensely  corrosive  poison.  The  Nordhausea 
acid  differs  from  the  other  acids  by  fuming  in  the  air,  owing  to  the 
separation  of  a  minute  trace  of  exilphuxic  anhydride. 

^(^,)  PhifskaL — The  Nordhaueen  acid  has  a  gravity  of  1^9.     Dif- 
'ent  acida  have  di^erent  gravities,   de ^tending  on  their  respective 
strengths.     {Ste  Table  11.  in  Appendix.) 

Action  of  Heat, — The  boiling  point  of  the  acids  vary.     Nordha%i$en  add 

Is  at  126^  F.  (52-2°  C);   English  acid,  at  640°  F.   (338^0.);  the 

own  mid,  at  435^ F.  (224^  U ) ;  and  chamber  acid,  at  318°  F.  { U5'5''  C). 

the  acids  may  be  frozen  by  a  cold  somewhere  about  — 29°  P. 

[ — 34°  C),  but  they  require  a  temperature  considerably  above  thifl    i 

br  their  re-liquefaction. 

The  acid  does  not  volatilise  at  the  ordinary  temperature  of  the  air. 
Hence,  when  a  dilute  acid  is  dropped  on  cloth,  it  becomes  concen- 
trated owing  to  the  gradual  evaporation  of  the  water.  By  warming 
re  cloth  before  the  fire  the  acid  on  the  fabric  may  be  rendered  so 
ncentrated  that  it  chars  the  uloth. 
When  the  vapoxir  of  sulphuric  acid  is  heated  it  is  dissociated,  that 
18,  partially  decomposed,  into  SO^  and  H^Q. 

The  specific  gravity  of  the  vapor  just  above  the  boiling  point  of  the 
acid  is  2*15,  which  would  represent  2  volumes  of  H^O  and  2  volumes 
of  SO3  condensed  into  3  volumes ;  but  when  the  heat  is  increased  to 
878°  F.  (470"^  C*),  these  3  vohunes  are  found  to  occupy  4  vohmies,  the 
▼apor,  at  this  higher  temperature,  having  a  gravity  of  1*692. 

When  the  acid  is  dropped  upon,  or  the  vapor  is  passed  over  red-hot 
platinum,  steam,  sulphurous  anhydride  and  oxygen  are  formed*  By 
the  action  of  water  the  steam  and  sulphurous  acid  may  be  absorbed, 
and  the  oxygen  obtained  in  a  pure  state.  {See  page  57.) 

(y.)  CfitmcuL — Sulphuric  acid  is  very  acid  to  litmus.  The  strong 
add  when  cold,  acts  feebly  on  the  metals^  but  when  boiled  in  contact 
with  them  (excepting  in  the  case  of  gold,  platintim,  iridium  and 
rhodium)  it  undergoes  decomposition,  sulphurous  anhydride  being 
ervolved,  and  a  sulphate  of  the  metal  formed  (M''  +  2H2S04=M''S04H- 

tOa  +  2H^0).     When  a  weak  acid  is  poured  on  the  more  osddi^able 
letals  (such  as  zinc,  iron,  etc.)  hydrogen  is  OTolved,  and  a  Bulphate 
f  the  metal  formed  (Zn+H,^S04^H2  +  ZnS0J, 
Sulphuric  acid  evolves  oxygen  when  added  to  metallic  peroxideSi 
but  with  all  oxides  it  forms  sulphates.     The  concentrated  a«id  is  also 
decomposed  when  boiled  with  charcoal  or  sulphur,  sulphurous  anhy- 
dride being  set  free. 

Its  a&iity  for  water  is  very  great.    It  was  found  (A])ril,  l%l<i\ 
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in  A-^l 


that  100  grainB  of  acid  (Bp.  Gr,  1*842)  freelj  exposed  to  the  air  in  a 
basin,  absorbed  120  graiaa  of  water  in  four  days,  its  bulk  being 
thereby  increased  threefold,  and  its  density  lowered  to  1*340.  The 
absorption  of  water,  however,  by  larger  quantities  is  not  in  like  pro* 
portion  : — 1,000  grains  of  the  same  acid  freely  exposed  to  the  air  in 
a  similar  manner,  only  absorbed  232  grains  of  water  in  24  hours, 
430  grains  in  48  hours,  680  grains  in  72  hours,  690  grains  in  96 
hours^  and  770  grains  in  120  hours.  The  acid  finally  had  a  specific 
gravity  of  I  "3 10,  which  is  the  point  of  dilution  at  which  both  weak 
and  strong'^llolutions  of  the  acid  arrive  when  exposed  to  the  air. 
^ioreover^  th^harring  of  organic  bodies,  such  as  sugar,  produced  by 
the  action  of  the  acid,  is  due  to  this  affinity  for  water. 

A  great  rise  of  temperature,  and  consequent  conriensation,  oocuri 
when  sulphuric  acid  is  mixed  with  water.  The  heat  produced  is  a 
little  greater  when  the  water  is  poured  into  the  acid  than  when  the 
acid  is  poured  into  the  water. 

Tabk  showinf^  the  Heat  and  Condenmtiofi  remlting  from  various  Mixtures  Oj 
Sniphuric  Avid  and  Water,   Temperature  of  Day,  22'22'='  C.  (72^  F.), 


M 


Sp.  Or. 

Weight 

weifrht 

TAmparmture 

Bulk  of  fi«talt- 
lii«  Fluid 
whaa  ooJd, 

Sp.Or. 

ofths 

of  Aoid 

Bulk  of 

ofWau^r 

Balk  of 

product. 

or  R*. 

Acid 

GmLiiB 

Add  Mwi 

uaed.  itn 
Oraini* 

Wfttor  uftod. 

•ulUiig 

iiJMid. 

•F. 

eC. 

1-840 

SOOO 

m  &5vj 

1000 

3ij&5y 

20fl 

130  00 

s  ^ 

1  616 

l*8i0 

2000 

^iiss 

do- 

do. 

252 

122-20 

tlT 

1-548 

1-840 

1000 

5j  &  5U 

do. 

do. 

210 

98-88 

liij 

1*390 

1-840 

600 

^^ 

do. 

do. 

108 

92-22 

1-246 

1'840 

250 

^  ii^ 

do. 

do. 

130 

54-44 

1-136 

1-616 

1616 

Jij  ^'5ij 

do. 

do. 

119 

48-38 

do. 

l-28a 

1-548 

1548 

do. 

do. 

do. 

108 

42-22 

do. 

1*246 

1*390 

1390 

do. 

do. 

do. 

95 

36-00 

do. 

1  170 

1-245 

1245 

do. 

do. 

do. 

at 

27-22 

do. 

1074 

1-138 

1138 

do. 

do. 

do. 

78 

25-56 

do. 

1055 

This  table  explains  the  use  of  the  acid  in  the  laboratory  as  a 
dessicating  and  dehydi'ating  reagent. 

Certain  organic  bodies,  aueh  as  starch  and  cellulose,  are  oarbonised 
by  the  strong  acid,  whilst  dilute  acids  convert  them  into  grape  sugar. 
The  acid  coagulates  albumen,  forming  with  it,  as  with  other  organic 
bodies^  definite  chemical  compounds  which  are  insoluble. 

Sulphuric  acid  is  a  powerful  dibasic  acid^  and  displaces  other  acids, 
such  as  nitric,  hydrochloric  acids,  etc.,  from  their  compounds*  It 
forms  two  classes  of  sulphates,  viz.,  an  acid  sul|}hate,  where  one 
hydrogen  only  is  replaced  by  a  metal  (M'HSOj),  and  a  normal  sulphate, 
where  both  hydrogens  ore  replaced  by  a  motal  or  metals  (M'tSO^  or 

Tests. — (1^)   Tasd.  The  solution  is  perceptibly  sour  when  it  con-_^ 
tains  1-1 000th  part  of  anhydrous  acid.  H 

( 2.)  Action  on  Lilmns,  The  reddening  of  blue  litmus  is  distinct  when 
i  j>art  of  anhydi'oEs  acid  is  diluted  with  6,000  of  water* 
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(3.)  Calcic  Chioride  gives  a  copious  wkita  precipitate,  inaoluLle  ia 
dilute  nitnc  and  hydrochloric  a^ids.  A  turbidity  is  distinctly  appa- 
rent when  tho  sohition  contains  only  0-014  per  cent  of  acid. 

(4,)  jPlutMc  Acetate  gives  a  white  precipitate,  insoluble  in  dilute 
acids* 

(5.)  Baric  Chloride  (or  baric  nitrate)  gives  a  white  precipitate, 
inaoiuble  in  free  acids  and  in  caustio  alkalies.  The  turbidity  is  ap- 
parent with  a  solution  consisting  of  i  part  of  acid  in  62,500  of  water. 

The  baryta  salt  must  never  be  added  to  a  neutral  or  to  an  alkalim 
Bolution,  otherwise  carbonic^  phosphoric,  oxalic  acids,  etc.,  may  be 
precipitated,  all  of  which  are,  however,  soluble  in  mtric  or  hydro- 
chloric acid.  To  prove  that  the  precipitate  is  a  baric  sulphate,  it 
must  be  collected  aiid  dried,  and  mixed  with  about  four  times  its  bullc 
of  powdered  wood  charcoal.  This  mixture  is  then  to  be  heated  to 
redness  for  some  time  in  a  platinum  crucible.  By  this  means  BaSO^ 
will  be  reduced  to  BaS,  Add  to  tho  cold  residue  a  few  drops  of  dilute 
hydrochloric  acid,  and  apply  heat,  when  sulphuretted  hydrogen  will 
be  generated,  wliioli  may  be  known  by  its  blackening  moiBtened  lead 
paper. 

(6.)  Nitrate  of  Strontia  gives  a  white  precipitate,  partially  soluble  in 
water  and  in  dUute  acids. 

(7.)  If  sulphuric  acid  be  gently  heated  in  a  test  tube  with  some 
pieces  of  wood,  copper,  or  mercury;  etc.,  sulphurous  anhydride  is 
evolved,  and  may  be  known  by  its  imparting  a  blue  tint  to  a  piece  of 
starch  paper  moistened  with  iodic  acid. 

(8.)  A  trace  of  ver atria  added  to  a  drop  of  ccncenirattd  acid,  produces 
first  a  yellow  and  afterwards  a  crimson-red  solution. 

(9.)  Paper  is  carbonized  by  the  strong  acid.  If  the  acid  be  dilute, 
wet  a  piece  of  white  paper  at  one  spot  and  heat  before  a  fire.  As 
soon  as  the  acid  becomes  suihciently  concentrated  by  evaporation,  the 
paper  will  turn  black. 

XJBeS,^^/'*  the  arts  and  ma  nuf act  fires  numberless.  In  medicine  the 
foDowing  preparations  are  officinal : — Aiidum  Sulphuricum^  B.P,, 
8p.  Gr.,  1*84=96  8  per  cent,  of  H.JSO4;  Atidum  Suiphuricum  dilutum^ 
B,R,  8p.  Gr.,  I -3 94  =  13-64  per  cent,  of  H^SO^;  Acidnm  Suiphuticum 
Aromaiicumy  B.P.,  of  similar  strength  to  the  dilute  acid,  but  containing 
^ger  and  cinnamon, 

Hyposulphurous  Acid,  n^jSOgCSnOa). 

SynODym. — Hydromlphurons  Acid. 

[WoTB.— H^SO,  \%  the  true  hyposulphuroufl  acid;  II^S^Oj^  which  is  OTdinarily  called 
bypMuIpbuioafl  udd,  Ls  really  thioaulphuric  or  Bulphoaulpburic  acid. 

History. — Discovered  by  Schutzenberger* 

Preparation,  (l)  By  dissolving  zinc  in  sulphurous  acid.  (Note  :— 
No  hydrogen  is  evolved  during  the  reaction). 
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n^Os      + 

Zn 

=            H^SOg             H-         ZnO. 

Sulphurous  acid    + 

Zinc 

^    Hypoaiilphurou*  iicid    +     Zincic  oxido. 

[SOHoo          + 

Zq 

=               SHo^               +          ZnO]. 

(2.)  By  decomposing  aodic  hyposulphite  (NaHSOj)  with  oxalic  acid^_ 
Properties*— The  yellow  solution  of  the  acid  thus  formed  bleache^^ 
powerfully,  iU  hleaching  action  depending  on  its  reducing  power,    TC 
throws  down  merciiry  and  silver  from  their  solutions.     It  rapidly 
decomposes  by  absorbing  oxygen. 

TMosulphnric  Acid,  H,S,05(SS "OHo,  ?). 

SyBOHjms. — Ui/posuiphurous  acid :  Snlpho-sulphuric  acid  ;  Did 
add. 

The  free  acid  has  never  been  obtained.     The  salts  are  prep 
either    (1)    by    boiling    sulphur    with    a    solution    of    a    sulphit 
(Na^SO^+S^Na^S^t^a);  or  (2)  by  boiling  sulphur  with  an  alkaline 
hydrate  (3CaO,H,;0  + 1 2S=Ca8^03+ 2CaS5+  3HoO).   A  further  quan- 
tity of  CaSgO;,,  is  formed  from  the  CaSg  in  the  latter  reaction,  by 
exposing  the  solution  to  the  air  (CaS^+SO^OaSaOs-hSs).  J 

Calcic  TMosulphate  (CaiS^O^^OHgO)  is  found  in  large  quantities  id 
the  refuse  lime  of  gas  works,  and  also  in  the  refuse  from  the  bal' 
soda  of  the  alkali  works. 

The  Sodic  Tliiosulphate  or  Hyposulphite,  as  it  is  called, 

largely  used  by  the  dyer  as  an  antichlor,  as  well  as  in  photographj 
and  metallurgy,  on  account  of  its  power  of  dissolving  the  insolubl 
argentic  haloid  salt&i  by  foTming  with  them  double  soluble  salts.  It 
prepared  either  (1)  by  treating  a  solution  of  sodic  sulphide  with 
phurous  acid ;  or  (2)  by  digesting  together  sulphur  and  sodic  sulphite^ 
or  (3)  by  exposing  the  calcic  sulphide  (tank  waste  or  soda  waste)  of 
the  gas  or  alkali  works  to  the  air,  whereby  a  calcic  hyposulphite  is 
formed  by  oxidation,  from  which  'hyposulphite  of  soda*  may  be 
prepared  by  the  action  of  sodic  carhonata  The  thiosulphates  will 
not  yield  the  free  acid  by  the  action  of  a  stronger  acid,  on  account  of 
the  ease  with  which  they  are  decomposed  into  sulphur  and  salphnrous 
acid(ILSg03=^S  +  II^'S03).  ^ 

To  distinguish  thiosulphuric  from  sulphurous  acid  note  that —        ^^ 

(1.)  On  adding  an  acid  to  a  thioeiilphate,  sulphur  is  precipitated, 
and  sulphurous  anhydride  is  evolved. 

(2,)  Thiosulphuric  acid  dissolves  argentic  chloride,  forming  argentic 
sodic  thiosulphite  (NaAgS^O^). 

(3,)  A  salt  of  ruthenium,  rendered  alkaline  with  ammonia,  UavB 
thiosulphuric  acid  a  deep  red  color. 

The  sodic  hyposulphite,  when  heated,  first  loses  water,  and  is  then 
deoainposed  (4Nas.S203^3NagS04-hNa2S5).  i 
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DitManic  Acid,  H2S,06:=162.    ('SIO^Ho,). 

Synonyms,— '^i^/><'^'^/>^'«'*jt*  add. 

f^eparatiOB.  (<iO  ^  manganoui  diihionate  (MnS^Og)  is  first  pre- 
pared bj  passing  S(X  through  cold  water  oontaining  manganic 
pei-oxide  in  suspension  (MnO^  +  2SO„=MnS20<5). 

(j3,)  A  baric  ditliionate  (BaS^O^)  is  then  prepared  by  acting  on  the 

angsnoiifl  dithionate  with  baric  sulphide  {Mn8oOe+BaS=Mn8H- 
BaS^Ofi). 

(y,)  DitJuonic  add  is  now  liberated  by  the  action  of  sulphunc  acid 
(in  equivalent  proportionj  on  the  baric  dithionate  (BaS^Otj+H^SO^ 

=BaS0^+H^S.06)- 

Properties.  -  The  acid,  when  fully  concentrated  by  evaporation 
*in  vacuo,*  has  a  specific  gravity  of  1*347,  and  forma  a  colorless  acid 
liquid  without  odor.  If  the  concentration  be  attempted  beyond  this 
point,  or  if  heat  be  applied  to  the  acid  solution,  it  breaks  up  into 
lulphuric  acid  and  sulphurous  anhydride  (H5{Sg06=H5S04+SOg). 
"When  exposed  to  the  bxt^  dithionic  acid  rapidly  forms  sulphuric  acid. 

All  the  dithionates  ( hypos ulph ate s)  are  soluble  in  water,  and  are 
decomposed  by  heat  in  the  presence  of  hydrochloric  acid,  sulphurous 
anhydride  being  evolved  without  the  deposition  of  ani/  free  sulphur. 
This  distinguishes  them  from  other  sulphur  compounds. 


Trithiomc  Acid  (H,8506==l94). 


Synonyms. — Dihf/dnc  tnlhionaU;  Sulphoditluanic  add;  Sulphuretted 
hf/po^^u  tph  II  ric  add. 

History. — Discovered  by  Langlois, 

Preparation  of  the  free  acid*  (a.)  A  potassic  trithionate  (K^S^Og) 
is  first  prepared  by  digesting  acid  potassio  sulpliite  (KHSO^)  with 
powdered  sulphur.    Thus^ — 


12KH9n^ 


+     Se    =       4K58A       +      2^,80^      +6H«0. 
lydric  potaMic  aiilphite-l-StilpbuT^^FotAaaic  tnthionate  +  Potaaaic  Bulphite+  Water. 


fSO.Ko 
[12SOnoKo     +     Sj    =     4{S    ' 


+     SSOKog     +60Hg. 


I 

^m    (/3.)  On  dissolving  the  crystals  of  potassic  trithionate  (KjSsOo)  in 
^^water  and  adding  perchloric  or  hydrofluosilicic  acid,  the  potash  is 
precipitated,  and  a  solution  of  the  acid  obtained. 

Properties, — Th©  acid  crystallizes  in  four-sided  prismfl.  It 
rapidly  decomposes  into  sulphurous  anhydride,  sulphurous  add,  and 
free  sulphur  (4  £158305=6802 +  411,803  +  82). 

The  trtthionatts  are  soluble  unstable  salts,  and  are  easily  decomposed 
by  heat  int'  \  sulphates,  sulphurous  anhydride  being  evolved  with  the 
deposition  of  free  sulphur.    They  give  with  mercurous  nitrate  a  black 
precipitate,    with    mercuric    nitrate    a   white   precipitate,    and   with 
rgentic  iiiti*ate  a  iftUow  precipitate^  which  in  time  becomes  black. 
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TetratWonic  Acid  (H-SA -- 226). 


SyHOnyms,^ — Diki/dnc  Tttrathionate ;  Dimtpho-dithionic  acid; 
ph U re th'f  htjposu Ip h « /  tc  acid. 

History,^  I)  iscovered  by  Fordos  and  G^lis. 

Propa-ration  of  ^^^  fr^^  acid,  (a.)  Baric  tfitrathioiiate  ia  formed 
by  adding  iodine  to  baric  hjrposiilpliite  ( tliiosulpliate)  (2BaS505  +  1^ 
=  Bal.  +  BaS^Og), 

(/3.)  Teiralhionic  add  is  oow  set  free  by  decomposing  baric  tetrathio-     i 
nate  with  its  exact  equivalent  of  flulpburic  acid,  H 

Properties. — The  acid  ia  very  unstable.     Wben  heated*  a  solutioit^ 
of  sulpliuric  acid  ia  formed^  aulphurous  anhydride  ia  evolved,  and  free 
sulphur  is  deposited  (HgSiOfi  =  H28O4  +  80^  -hSg).     The  potassic 
salt  may  he  recognised  by  the  separation  of  sulphur  whan  heated  wit! 
potassic  sulphide  ( 2X^8406  H-  2K«S  =  <K^%0^  +  Bg), 


PentatMonic  Acid  (H^50fi=258). 

Synonyms. — Tiim  Iph  oditkio  n  k  acid  ;    IHsulph uretted  h^postdphu 
acift 

History, — discovered  by  Wackenroder. 

Preparation* — By  passing  sulphuretted  hydrogen  through  ft  aol 
tion  ol  sulphurous  acid  (1080.+ 10n5S=2HaS5Oa+ 583+8 H^O), 

The  clear  solution  is  to  be  concentrated  in  vacuo  over  oil  of  vitrioL 

Properties, — The  solution  thus  obtained  has  a  specific  gravity 
1-6,  and  is  acid,  bitter  and  tolerably  permanent.  Ooncentrated  beyond 
this  gravity  it  rapidly  decomposes.  By  heat  it  is  resolved  into  sul- 
phuric acid,  sulphuretted  hydrogen,  sulphurous  anhydride,  and  free 
eulpbur  (2H.Sa(\=H„S04  +  H.S  +  4S0.+  2So ). 

The  polythioeic  acids^  as  an  aid  to  memory,  are  represented  by 
Bloxam  as  derived  from  oil  of  vitriol  by  successive  additions  of  buI- 
phurous  anhydride  and  sulphur  :  thus 

Oil  of  vitriol  H^SO^  ^H^SO* 

Thiosulphuric  acid  HeS04-f802        =HoS206 
Trithionie  „     H^SO^H-  SO.-f  8  ==hX<^6 

Tetrathionic       , ,     H.8O4  -f  SO5.  +  Sn^HoS^Og 
Peotathionic      „     H^SO^  +  80^ + 8^— H^SjOg. 

Koto  the  following  reaction  a : 

The  mtlphaies  with  concentrated  sulphuric  acid  (hot  or  cold)  ei 
no  odor. 

The  sulphites  with  dilute  sulphuric  acid  (cold)  emit  an  odor  of  SO,, 

The  hf/pomfphates  (dithionates)  with  dilute  sulphuric  acid  (cold, 
emit  no  odor^  but  when  heated  emit  the  odor  of  SO^, 

The  thioi^fphaies  ( hyposulphites)  with  dilute  sulphuric  acid  (ool 
emit  an  odor  of  S0^»  with  the  deposition  of  free  sulphur. 
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Compounds  op  Sulphxtb  and  the  Haloids. 
Compounds  of  Sulphur  and  Chlorine. 

1 .  Sulphur  chloride         SgOJ^ 

2.  Sulphur  dichloride      SCIg 

3.  Sulphur  tetrachloride SOI4  ? 

Sulphur  Chloride  ( ^20^2  or  { |gj;) 

Molecular  weighty  135.    Molecular  volume,  \    j    |  .    Specific  gravity ,  1*68  ; 

of  vapor ^  4*7. 

Preparation. — By  passing  chlorine  into  melted  sulphur  and  col- 
lecting the  product  in  a  dry  cold  receiver. 

Properties. — ^A  yellow  volatile  liquid  (Sp.  Gr.  1*68),  fuming  in  the 
air,  and  emitting  a  pungent  odor.  The  specific  gravity  of  the  vapor 
is  4*7.  It  is  decomposed  by  water  into  sulphurous,  hydrochloric,  and 
thiosulphuric  acids,  and  free  sulphur  (electro-positive).  It  dissolves 
sulphur  freely ;  hence  its  use  in  the  manufacture  of  vulcanised  rubber. 
It  acts  powerfully  on  mercury. 

Sulphur  Dichloride  (SCl2=l03). 

Preparation. — By  saturating  the  sulphur  chloride  with  chlorine. 
Properties. — A  deep  red  liquid.     It  is  decomposed  by  heat  and  by 
the  sun's  rays  (28012=82010 +  CI2). 

Sulphur  Tetrachloride,  SOI4  (?) 

This  compound  is  not  known  in  a  free  state,  and  there  is  some 
doubt  even  as  to  its  existence  in  combination. 

Compounds  of  8uiiPHirB  with  Bromine  and  Iodine. 
Compounds  of  sulphur  with  bromine  and  iodine  similar  to  the  chlorine 
compounds  are  believed  to  exist.     A  Sulphur  Diiodide  (Slg),  a  body 
produced  by  direct  combination,  and  a  Sulphur  Subiodide  (Solo)  are 
the  compounds  best  known. 

OOMPOXJNDS   OF   8xJLPnUB,    OxYGEN   AND   THE    IIaLOIDS. 

Thionyl  Chloride  (8OCI2)  is  an  analogous  compound  to  sul- 
phurous acid,  two  of  hydroxyl  being  displaced  by  two  of  chlorine 

(sono2— 80012)- 

Preparation. — ^By  acting  on  phosphoric  chloride  with  sulphurous 
anhydride.  (8chiff.) 

Properties. — A.  colorless,  pungent  liquid  of  great  refractive  power ; 
specific  gravity,  1*675  ;  boils  at  172-4''  F.  (78°  0.).  It  is  decomposed 
by  water  into  sulphurous  anhydride  and  hydrochloric  acid.  It  forms 
ihiotuimide  with  ammonia. 

Sulphuryl  Dichloride  (SO.CL).    Prepiaration.— By  exposing  a 

mixture  of  sulphurous  anhydride  and  chlorine  to  sunlight 
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Properties. — A  colorless  liquid,  Bpecifio  gravity,  1  '66  j  deoomf 

bj  water  into  sulphurio  and  Lydi-ocliloric  acidfi, 

Sulphunjl  Dibromidc  (SO^Br^),  a  white,  cryfitallino  body,  Oiloro* 
zniphuric  oxide  (SmOjCI;),  a  colorless  oily  liquid,  and  Sutphvinfi 
hjfdroxifl  chhtide  (SO^HCl)  have  also  been  described. 


Compounds  op  Sitlphub  akd  Phospuorxjs. 
PliosphoruB  Y  '  P^8* 

Phosjihorua  Hi  ^  ^^^S' 

Pbo8j)Horus  peutaaulphide      .**  P$S^ 

Phosphorus  Protosulphide  (PoS)  is  a  yellor,  oily  Hqaid.  and  U ' 

not  decomposed  by  water. 

Phosphorus  Sesquisulphide  (^A)  is  prepared  by  tlie  actioii   _ 

sulphuretted  hydrogen  on  pboapburous  cbloride  (2P(?lj  -f  311^  =^ 
PeSj-f6HCl).  It  16  a  yellow  crjetalliiiG  solid,  easily  deconipot^vM!  bj 
water. 

Phosphorus  PentaSUlphide   (I'.'"^:.}  ^^  ^   vody  easily  decompose 
by  water. 

Other  compounds,  as  P^S,  P483,  PoSi^,  have  also  been  deeciibed. 


SELENIUM  (8e,). 

Atomic  wct'jhf^  79  5,      Molecular  wtiyht^  159,      Mohcuiar  volume^ 
Il^iattve  tveightf  79*5,     Sptcific  grtuily  of  solids  4*78$;   0/ 
5*68;    Atomidhj;    Ilexad  (Se^^OgUO^) ;    Tetrad  (SeCl^); 
(SeH,). 

History, — Biscorered   bv   Berzelius    (1817)    in   the   refuse   of 
sulphuric  acid  factory. 

Natural  History, —  l^  ^^  I'mnd  native,  but  ocnira  criTi  tiy  m  00 
bination,  as  a  sejouide  of  copper,  iron,  silver,  etc.  It  also  occurs  as 
impurity  in  native  sulphur  (seleniferous  sulphur). 

Preparflitioil. — By  the  action  of  a  mixture  of  nitric  and  stilpliui 
acids  on  the  seleniferous  deposits  of  vitriol  works,  a  solution 
taining  selonious  and  selenic  acids  is  formed.  The  selenic  a< 
pres^ent  in  t!ie  solution  is  now  to  be  reduced  to  eelenious  acid  by 
action  of  hydrochloric  acid  (n2t?e04-f  i^HCl^Il^SeO^  +  HjO-f 
From  this  solution  of  selenious  acid,  the  selenium  may  be  precipitJii 
by  a  current  of  sulphurous  anhydride  (2lLSeOjH-2lI.,0-|-*lSOj 
4lLS04-|-8e.). 

V&rietieS. — L>lc*>  SulnlHir.   scbminm  is  found  in   various  alLitror 
forms* 

(a-)  Tho  amf'trji/toifs^  jonn,  prepared  aa  described  abu' 
red  llakes,  which  are  dwe1il<>  wlien  meUi^d.  It  has  no  i 
ftiid  is  a  bad  conductor  of  boat  and  olectricity. 
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(/3.)  A  black  vitreous  farm,  prepared  by  first  heating  the  preceding 
amorphooa  variety  to  212°  F.  (100°  C),  and  then  rapidly  cooling. 
It  has  a  specific  gravity  of  4*3.     It  is  insoluble  in  carbonic  disulphide. 

(y.)  A  cryBtalline  famij  prepared  by  heating  the  vitreous  form  to 
204*8°  F.  (96°  C.)  It  has  a  specific  gravity  of  4*8.  Its  color  is 
bluish  grey  (acXZ/ny,  the  moon). 

Properties. — («•)  Physical.  The  color  ofselenium  is  either  red,  black, 
or  bluish  grey,  according  to  the  variety.  Solid  selenium  has  neither 
taste  nor  smell,  but  the  vapor  has  the  odor  of  putrid  horseradish. 
It  conducts  heat  and  electricity  badly,  but  its  electric  conductivity  is 
greatly  increased  by  exposure  to  direct  sunlight.  It  is  insoluble  in 
water.  It  fuses  readily,  and  boils  below  a  red  heat,  giving  off  a 
yellow  vapor,  which,  like  that  of  sulphur,  expands  anomalously  {see 
page  145). 

(/3.)  Chemical,  Selenium  vapor  bums  with  a  blue  flame,  forming 
SeOj.  By  boiling  with  nitric  acid,  selenious  acid  is  formed.  Selenium 
ia  soluble  in  sulphuric  acid,  forming  a  green  solution,  from  which  the 
selenium  may  be  thrown  down  by  the  addition  of  water. 

Compounds  of  Seleniitm  and  Oxygen,  etc. 
Selenious  anhydride  ...  SeO^. 

Selenious  acid         IlgSeOg,  or  SeOHog. 

Selenic  acid  H2Se04,  or  SeO^Hog. 

Selenions  Anhydride  (SoOg). 

Preparation. — By  burning  selenium  in  oxygen,  or  by  boiling  it 
with  nitric  acid. 

Properties. — A  white,  deliquescent,  crystalline  substance,  soluble 
in  water,  forming  selenious  acid  (HgSeOg,  or  SeOHog).  This  acid 
may  also  be  obtained  as  a  white  solid.  On  adding  iron,  zinc,  sul- 
phurous acid,  or  sulphuretted  hydrogen  to  a  solution  of  selenious  acid, 
selenium  wUl  be  precipitated. 

Selenic  Acid  (H^SeO^,  or  SeOgHon.) 

This  acid  is  not  known  as  an  anhydride. 

Preparation. — (l-)  («•)  A /?ofa5SiC5e/«ma^«  is  first  formed  by  fusing 
together  nitre  and  selenium  (4KNO3  -h  Sez=2K^SeO^-{-2^fiz).  03.)  A 
plumbic  seleniate  is  then  prepared  by  the  action  of  plumbic  nitrate  on  a 
solution  of  potassic  seleniate.  (y.)  On  treating  plumbic  seleniate 
with  sulphuretted  hydrogen,  an  insoluble  plumbic  sulphide  and  a 
solution  of  selenic  acid  are  formed. 

(2.)  By  the  action  of  chlorine  or  manganic  peroxide  on  selenious 
acid. 

Properties. — ^A  colorless,  syrupy,  hygroscopic  liquid,  evolving 
considerable  heat  when  mixed  with  water.  It  may  be  concentrated 
until  it  has  a  specific  gravity  of  2  6.  At  a  temperature  of  554^  F. 
(290^  C.)  it  is  decomposed  into  selenious  acid,  water,  and  oxygen. 
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It  bag  no  action  on  platinum,  but  it  oxidizes  the  metals  generallj 
and  even  disjriolTds  gold.  When  heated  with  hydrochloric  iicid  it  ( 
decomposed  (Hg8e04  -J-  2HCl=H^8eO^ + HgO + CL). 

CoMPoiTNBS  OF  SsLKimrM  AJsm  Ciii.obin:b, 
Selonium  forms  two   chlorides,   viz,,    a    monodiloride    (8e..Clo), 
yellow  liquid  formed  by  the  direct  union  of  selenium  and  ehlorinflj 
and  a  MraMoride  (SeCI^),  a  white  crystalline  solid,  formed  by  treati 
8e^0L  with  an  excess  of  chlorine.     On  its  exposure  to  moisture 
cx^chloride  (S0OCI2)  is  formed. 

The  combinations  of  selenium  with  the  other  haloid  elements  art 
imperfectly  understood. 

A  carbonic  selenide  (CSoj)  and  two  mdphides  (SeSg  and  SeS,)  hare 
been  described. 


TELLUEIUM  (Te,). 

Amiic  weight f  128.  Moleadar  weighty  256.  Melaiive  fffetght,  128, 
Spfcifte  graiihf  of  solid,  6^2  ;  of  vapour  {at  2,534T),  9*0.  AtomidtVf 
hexad  (H^TeO^) ;  tetrad  (TeCl^) ;  df^ad  (TeH.). 

HiBtory. — ^^Bi&covered  by  Miiller  (1782),  Its  elementary  nature 
was  deteimined  by  Klaproth  (1798),  and  the  body  named  by  him 
Tellurium  {Tdlm\ 

Natural  History^ — It  is  a  very  rare  substance,  but  is  found  both 
in  a  free  state,  and  olso  combined  with  bismuthj  lead,  silver,  etc. 

Properties- — («  )  Phi/sicaL  A  pinkiah-white  metallic-looking  body, 
crystalline  (rhombohedral),  and  very  brittle.  It  fiises  between  800^ 
and  900^  F,  (426^  and  482*^0. ),  and  becomes,  at  a  higher  temperature, 
a  yellow  gas.  It  conducts  heat  and  electricity  badly.  It  is  insoluble 
in  water.  When  taken  internally  it  imparts  a  peculiar  garlic  odor  to 
the  breath. 

(/3.)  Chemical.  TeHurium  bums,  when  heated  in   air,  with   a  blue 
flame,  yielding  TeO..     It  does  not  form,  like  the  metals,  a  true  ' 
oxide.     Its  solution  in  aulphurio  acid,  which  is  of  a  purple-red  « 
yields  a  precipitate  of  tellurium  when  treated  with  water. 

COMPOTTKDS  OF  TeLLURIXTM  AJTD  OxyOEN,  ETC, 

Tollurous  oxide  ,  TcOo. 

Tellurous  acid  .,.  H.TeO,,  or  TeOHo^, 

Telkric  oxide  TeO,. 

Telluric  acid  n  >ToO>,  or  TeO^Ho^ 

Tellurous  Oxide  (TeO,.) 

Tliis  oxide  oocurs  native  as  tellurite.     It  is  a  white,  fusible  crysta 
line  body.    It  forms  a  yellow  glass  when  hot,  which  beootnes  whit^ 
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on  cooling.  At  a  greater  heat  it  sublimes  unchanged.  It  is  slightly 
soluble  in  water,  forming  telluraus  add  (H^TeOj,  or  TeOHog),  which 
forms  two  classes  of  salts,  viz. — neutral  (M^TeO,),  and  add  (M'HTeO,), 
tellurites. 

Telluric  Oxide  (TeO,). 

Telluric  oxide  is  a  yellow,  solid  body,  insoluble  in  water  and  in 
acids.    It  is  prepared  by  the  action  of  heat  on  telluric  add  (B^TeO^), 

Telluric  Acid  (H^TeO^,  or  TeOoHo^^). 

Telluric  acid  is  prepared  by  first  forming  a  potassio  tellurate  by  the 
fusion  of  tellurium  with  nitre.  On  adding  baric  chloride  to  the 
solution,  and  decomposing  the  baric  tellurate  formed  with  sulphuric 
acid,  a  solution  of  telluric  acid  is  obtained.  The  solution,  after  the 
baric  sulphate  has  been  filtered  off,  yields  crystals  having  the  com- 
position n2Te04,2H20,  from  which  the  two  molecules  of  water  may  be 
expelled  by  heat.  It  forms  salts  called  tellurates^  which  are  mostly 
insoluble. 
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CHAPTER    Vin. 

OAEBON— BOBON-^ILIOON. 

Cakbon  : — Compounds  of   C&rban  and    Oxygen — Compounds    of   Oof  boa  aad 

H&loidB — Comp»ounds  of  Carbon  with  Oxvgen  and  the  Umloids — Corr-*^- »- 

Carbon  utid  Sulphur.  Borox  : — Boraoic  acid^ — Compounds  of  Bonon  wi^ 

thd  Hal aida,  and  Sulphur.     SiLicox:^ — CoEupounda  of  Silicon  witli    Uji.^^^u« 

Hiiloidsi  Nitrogen,  and  Sulphur, 

CARBON  (C=l2). 

Atomic  weighty  12.     Atamidh/,  d^ad  (CO) ;  tetrad  (CX)^^-^!!^), 

defisit^p  unknoum. 

Synonym. — Charcoah 

ffistory* — Carboa  has  been  known  from  very  early  timea.  Ereein 
(300  B.C.)  described  tlie  method  of  preparing  it  from  wood,  and 
P]iny*s  time  it  constituted  the  common  fueL  In  a.d*  1694 
Florentine  academ^ieiana  burnt  the  diamond  by  the  8un*s  rays, 
1775-6  Lavoisier  effected  its  combustion  in  oxygen,  and  in  1809  Dal 
burnt  graphite  in  a  similar  manner*  Thus  these  bodies  respective!]] 
were  proved  to  be  pure  carbon.  Newton,  however,  had  long  befo 
this,  asserted  that  the  diamond  was  a  combustible  body,  on  occoimt  i 
its  high  refractive  power. 

Natural  History* — («0  ^^  the  vitneral  hngdom  caxhon  is  found  ml 
free  state;  (1 )  as  the  diamond  in  sandstone  rocka  or  mica  i*late. 
origin  is  unknown.     The  ash,  consistiog  of  silica  and  oxide  of  ir 
left  after  its  perfect  combustion,  is  very  minute*     (2.)  As  plumh 
the  ash  of  which  varies  from  2  to  5  per  cent.,  and  consists  of  a  littl 
quartz   mixed   with   the   oxides   of  iron   and    manganese*      (3») 
anthracite^  tlie  ash  of  which  varies  greatly  both  in  quantity  and  oofl 
position,     (4.)  Carbon  is  also  found  associated  (a)  with  h/dro^m 
coal,  bitumen^  jet«  shales,  naphtha,  and  in  the  paraffinea,   {h)  mf 
ai\i/geu  in  cart*omc  anhydride^  and  (c)  with  QxtfQtt*  and  the  metaU  in  ' 
carbonates* 

(/3.)  In  the  vegelMe  kin^om^  carbon  forms  about  50  per  cent,  of* 
vegetable  solids.     It  is  supplied  to  them  by  the  atmospheric  carbon 
anhydride  which  the  plant  deoxidizes  under  the  influence  of  sol 
light*     Plants  are  deoxidizing  agents,   animals   are  oxidizing  agent 

(y.)  In  the  animal  kingdom^  all  tissues  and  products  are  largely  j 
up  of  it.     Fat  contains  about  79  per  cent 

The  chemist  roughly  proves  a  body  to  be  of  organic  origin  by  ' 
circumstance  that  it  carbonizes  when  burnt  with  a  limited  Bupply  of  i 

VdriBties, — ('*)  Diamonri. — ^Tlie  diamond  crystalHzoa  in  mibwn 
in  oct&hodm  with  convex  faces  and  xouii^eCL  ^i^*i^  ^^«to^k^xUxV 
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cannot  be  produced  artificiallj.  Its  specific  gravity  is  3*4.  It  is 
usually  colorless,  but  is  found  at  times  of  a  yellow,  green,  blue,  and 
black  tint,  the  colors  being  due  to  mineral  matter.  It  is  one  of  the 
hardest  bodies  known  (adamant).  It  has  never  been  melted.  It  is  a 
non-conductor  of  electricity,  but  when  heated  in  the  voltaic  arc,  it 
swells  up  and  forms  a  coke-like  mass,  which  conducts  electricity 
freely.  Some  diamonds  are  phosphorescent  after  exposure  to  intense 
sunlight  It  has  a  high  refracting  power:  at  an  angle  of  24*  15  all 
light  is  returned. 

It  is  not  affected  by  the  action  of  nitric  acid  and  potassic  chlorate. 

A  diamond  may  be  known  (a)  by  its  hardness  (scratching  hardened 
steel) ;  (/3)  by  its  grcmitfj ;  and  (y)  by  its  insolubility  in  hydrofluoric  acid. 

(2.)  Graphite  (ypa^,  1  write). — Graphite  is  found  both  crystalline 
(six-sided  plates)  and  in  amorphous  masses.  It  has  a  specific  gravity 
of  2-2.  It  is  greyish-black,  with  a  metallic  lustre  {black  lead  or 
plumbago).  It  is  unctuous  to  touch,  and,  although  the  minute 
particles  are  excessively  hard,  it  nevertheless  marks  paper  when 
drawn  across  it.    It  is  a  good  conductor  of  electricity. 

When  plumbago  is  acted  on  with  a  mixture  of  nitric  acid  and 
potassic  chlorate  it  forms  *  graphic  or  graphitic  acid,  a  brown,  crystal- 
line body,  which  swells  up  when  heated,  forming  *  pyrographitic  ozide,^ 
This  latter  substance  is  soluble  in  nitric  acid  and  potassic  chlo- 
rate. 

(3.)  Amorpfums  carbon. — Amorphous  carbon  has  a  specific  gravity 
varying  from  1*6  to  2*0.  Its  apparent  lightness,  such  as  floating  on 
water,  is  due  to  the  presence  of  air  in  its  pores.  It  is  found  in  various 
forms,  more  or  less  pure,  as  e.g.,  (a.)  Coke,  the  residue  of  coal  after 
the  gas  and  volatile  matters  have  been  expelled.  (/3.)  The  carbon  of 
gas  retorts,  a  body  resembling  graphite  in  some  particulars,  but  differ- 
ing in  that  it  does  not  form  **  graphic  acid  "  by  the  action  of  nitric 
acid  and  potassic  chlorate,  (y.)  Soot,  the  condensed  smoke  deposited 
in  chimneys.  (I.)  Lampblack,  the  unburnt  carbon  resulting  from  the 
combustion  of  rich  hydro-carbons  in  a  limited  supply  of  air.  (e.) 
Wood  charcoal,  the  carbon  of  wood  and  other  vegetable  matters,  (f.) 
Animal  charcoal  (ivory  black  or  bone  black),  the  carbon  of  bone  or  other 
animal  substances.     (17.)  Tinder. 

All  these  forms,  when  treated  with  nitric  acid  and  potassic  chlorate, 
yield  brown  compounds  that  are  soluble  in  water. 

It  has  been  conjectured,  considering  the  striking  differences  in  the 
properties  of  these  carbon  allotropes,  that  they  consist  of  dissimilar 
carbon  molecules.  The  study  of  their  specific  heats  would  suggest 
that  the  charcoal  molecule  consists  of  two  atoms,  the  graphite  of  three, 
and  the  diamond  of  four.  (Specific  heat  of  diamond,  '14687  ;  of  plum- 
bago, -2008;  of  charcoal,  -2415.) 

PreparatioiL — (!•)  Diamond. — ^The  diamond  cannot  be  prepared 
artificially  (Action  of  phosphorus  on  chloride  of  carbon  ?). 
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(2.)   Graphite. — (a.)  By  submitting  the  diomoDcl  loan  intense  beat 

ifl')  By  dissolving  carbon  in  cast  iron.    On  allowing  the  mixture  to 

cool  slowly,  six  sided  ciystaUine  plates  of  graphite  aeparate  (called 

(y»)  By  dissolving  away  the  iron  from  oaat  iron,  thus  leafing  the 
insoluble  gimphitic  carbon. 

(2.)  By  submitting  the  various  forms  of  amorphous  carbon  to  the 
heat  of  the  electric  arc. 

(3.)  Amorphous  varhon, — (a.)  Coke,  By  heating  coal  in  closed  iron 
cylindora,  an  escape  being  provided  for  the  gaseous  and  other  volatile 
matters.  The  higher  the  temperature  to  which  the  coal  is  subject 
the  more  dense  the  coke.  Colee  may  also  be  prepared  by  bumix] 
the  coal  in  heaps  similar  to  the  preparation  of  wood-charcoal. 

(^3  j   Carhon  ofgm  retorts. — From  the  decomposition  of  a  portion  ofl 
the  gaa  or  volatile  hydro-carbons  by  the  red  hot  retort,  upon  wliich  i 
layer  of  gas  carbon  slowly  deposit  a.     Its  appearance  varies  aocordiB 
to  the  temperature  at  which  it  is  formed. 

(y.)  StfoL — The  condensed  smoke  of  chimneys. 

(K)  Lampblack,— By  burning  certain   vegetable    matters   rich   in^ 
carbon,  such  as  resin,  tar,  etc.,   in  a  current  of  air  insufficient  for_ 
complete   combustion.     The   hydrogen  being  the   most   combustibl 
portion  burns  first,  and  the  carbon,  for  which  there  is  not  suificion 
air,  is  collected  in  chambers  covered  with  coarse  cloth, 

(t.)   Wood  charcoal, — (l.)  By  the    distillation    of    wood    in  clos 
retorts.     Acid  fumes  are  evolved  during  the  process,  wood  conta 
ing  little  or  no  nitrogen,  charcoal  remaining  in  the  retort     (2.)  Bj 
the  slow  burning  of  logs  of  dry  wood  arranged  in  heaps,   oovere 
except  round  the  base  of  the  heap,  with  turf.     In  this  way,  every  U 
parts  of  wood  yield  about  22  parts  of  carbon.* 

Wood  charcoal  never  consists  of   pure   carbon.     The  higher 
temperature  at  which  the  wood  is  burnt,  the  smaller  the  quantity « 
charcoal   formed,  but  the  larger  the  percentage  of   carbon  that 
contains.     The  ''  charbon  roux  '*  of  the  French  consists  of  wood  im^ 
perfectly  burnt  by  the  action  of  superheated  steam* 

(f.)  Animal  charcoal,  —By  burning  bones  or  other  animal  matter  ill 
closed  retorts,  when  alkaline  fumes   are  evolved,  from    the  nitrogoa 
present   in  the  animal  matters  forming  ammoniai  animal  charcoal 
remaining  in  the  retort  (ivory  black).  1 

Properties.— («•)  SmsiMe. — Carbon,  in  all  its  forms,  is  a  solifl 
without  taste  or  smell,  and,  exceptiug  the  diamond,  of  a  UaoH 
color.  I 

•  If  a  piece  of  wood  (CjH,jOa)  be  burnt  in  Uie  uptn  j?n»,  with  free  aocesB  of  vA 
tarbonic  acid  and  water  only  are  produced ;  but  when  burnt  in  a  elQ9e  resMl^  yrherv  tM 
freo  Acceas  uf  oxygen  k  prevented^  the  wood  dooa  nt>t  truly  bum,  but  simply  iifidurl 
ggoi  dcetnictivo  di«tiltQliori ;  ibat  is,  it  boLomes  changed  into  sifiiplur  and  mora  tUiU|| 
products,  tar,  ucetio  acid,  and  iiood  apirit  btiDg  amongisl  the  produtta  farujecL  J 
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C/3.)  Physical. — ^Tte  diamond  is  the  hardest  substance  known,  al- 
though nearly  approached  in  this  respect  by  crystallized  boron.  Tho 
other  varieties  of  carbon  are  comparatively  soft,  although  graphite, 
which  may  be  easily  oat  with  a  saw,  is  said  to  wear  out  the  instru- 
ments rapidly,  owing  to  the  extreme  hardness  of  its  minute 
particles. 

Carbon  is  dimorphous.  It  is  cubic  in  the  diamond,  and  six  sided  in  some 
varieties  of  graphite.  The  other  forms  of  carbon,  as  well  as  occasion- 
ally graphite,  are  amorphous.  Its  specific  gravity  varies  ;  that  of  the 
diamond  ranges  from  3*33  to  3*55  ;  of  graphite,  from  2*0  to  2*35  ;  of 
anthracite  and  coke,  from  1*4  to  2,  etc. 

Action  of  heat, — Carbon,  in  all  its  forms,  is  believed  to  be  in- 
fusible and  involatile.  It  has  been  noticed,  however,  that  when  the 
carbon  points  from  a  large  battery  are  brought  into  contact  in  an  ex- 
hausted receiver,  a  dark  cloud  appears,  and  that  a  black  crystalline 
body  is  slowly  deposited  on  the  sides  of  the  glass.  Further,  when 
pure  powdered  carbon  is  exposed  to  the  intense  heat  of  the  voltaic 
arc,  it  forms  a  coherent  mass  as  if  it  had  been  fused.  (Dospretz.) 
The  diamond,  when  heated  in  the  battery,  swells  up  and  cakes, 
although  there  is  no  reason  to  believe  that  it  is  capable  of  vaporisa- 
tion. Finely-divided  carbon  conducts  heat  badly.  The  diamond  is  a 
non-conductor.  The  other  varieties,  when  **  en  masse,"  conduct  heat 
well,  the  power  of  conduction  increasing  with  the  density. 

Carbon,  in  all  its  forms,  excepting  the  diamond,  is  a  conductor  of 
electricity.     Hence  the  use  of  graphite  in  electro  typing. 

Carbon  is  insoluble  in  every  known  liquid. 

(y.)  Chemical. — Carbon  in  all  its  forms  is  combustible  in  air  and 
oxygen,  yielding  as  its  sole  product  carbonic  anhydride  (COo).  Tho 
diamond  and  graphite  are  difficult  of  combustion,  but  the  rest  burn 
easily.  In  none  of  its  forms  is  carbon  altered  by  exposure  to  weather ; 
hence  many  of  its  uses. 

Action  of  oxygen, — The  action  of  oxygen  on  carbon  is  sometimes, 
though  rarely,  manifested  at  ordinary  temperatures.  Thus  ferric 
may  be  changed  to  ferrous,  and  mercuric  to  mercurous  salts,  by 
merely  shaking  up  their  solutions  with  powdered  charcoal.  At  high 
temperatures  carbon  burns  in  oxygen,  and  even  in  carbonic  anhy- 
dride, in  which  latter  it  appropriates  one  half  of  the  oxygon 
(C4-C02=2C0.)  Hot  charcoal  decomposes  steam,  liberating  hydro- 
gen, and  setting  free,  according  to  the  temperature,  either  carbonic 
anhydride  or  carbonic  oxide.  Its  property  of  combining  with  oxygen 
is  made  use  of  in  extracting  the  metals  from  their  oxides,  carbonic 
anhydride  being  set  free  in  the  case  of  oxides  easily  reduced 
(2PbO-f-C  =  Pb2-HCOo),  and  carbonic  oxide  with  those  difficult  of 
reduction  (ZnO-HC=Zn-|-CO). 

Action  of  the  haloids, — The  direct  combination  of  carbon  with  tho 
haloida  cannot  be  effected,  but  indirect  combination,  oithot  by  l\i^ 
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Bubstitution  of  the  haloid  elements  for  hydrogen  ln^  or  the  additi' 
of  the  haloid  elements  to,  the  hydrocarbons,  is  of  constant  oocurrea' 
Thus  ethylene  (Cj>TT|)  will  combine  with  bromine   to  form  ethylene 
dibromide  (C.H^Br^),  which,  by  suocessivo  substitutions  of  bromine 
for  hydro g^en,    may  ultimately  be  converted   into  tetrabromeihylene 
dibromide  (CjBr(5). 

Action  on  nitrogtn, — The  direct  union  of  carbon  with  nitrogen  cannot 
be  effected ;  but  if  nitrogen  be  passed  over  a  mixture  of  carbon  and 
potassic  carbonate  heated  to  redness,  cyanogen  (CN)  is  formed,  which 
unites  with  the  potassium  to  form  potassic  cyanide  (KgC0j+4C-f  N« 
=2KCN-f3CO;) 

Action  on  mlphur. — Direct  union  between  carbon  and  sulphur  occurs 
at  a  high  temperature,  carbonic  diaulphide  (CS*j)  being  formed. 

Action  on  ht/drogm. — Hydrogen  and  carbon  unite  directly  at  high 
temperatures,  such  as  the  heat  of  the  yoltaic  arc,  forming  acetjleae 
(Cnll.j),  (BerthoUet).  During  the  destructive  distillation  of  organic 
bodies  numerous  hydrocarbons  are  produced  (see  Destructive  Distil- 
lation). 

Acdan  071  the  metals. — Carbon  unites  at  high  temperatures  with  certain 
metals^  such  as  iron,  manganese,  palladium,  iridium,  eto.|  formiog 
carbides.  ^M 

Carbon  does  not  combine  with  phosphorus.  ^M 

We  may  note  generally,  that  carbon  exhibits  a  great  indisposition 
to   combine  directly  with  the   elements.     Hence  it  is   customary 
char  the  ends  of  stakes,  in  order  to  prevent  their  decay  by  the  actio] 
of  air  and  moisture  when  driven  into  the  ground^  and  to  blackli 
metal,  so  as  to  prevent  its  oxidation. 

Action  of  Compounds. — (1.)  Waier  has  no  action  on  carbon,  except  at 
a  red  heat,  when  hydrogen,  together  with  carbonic  oxide  or  carbo: 
anhydride  (one  or  both),  are  formed  (SHnU-h^C^^H.-hCO^^COj) 

(2.)  Acids. —  Sulphuric  a^id  has  no  action  on  carbon,  except  whea 
heated,  when  the  acid  is  reduced  (2ll2SO^+C^COgH-2SOgH- 211^0), 
Nitric  acid  deflagrates  when  heated  with  carbon,  the  oxides  of  cari 
and  the  lower  oxides  of  nitrogen  being  formed.  The  action  of  nitric 
acid  and  potassic  chlorate  on  the  various  forms  of  carl>on  is  as  fol- 
lows ;— the  diamond  is  unaffected ;  graphite  is  changed  into  grapliio 
or  graphitic  acid  (graphitic  oxide)  (CulIjO^),  a  yellow  silky  substance, 
insoluble  in  wator  or  in  acids,  and  which,  when  heated,  swells  up,  and 
becomes  pyrographitic  oxide ;  the  amorphous  varieties  are  solubles 
forming  brown  solutions.  Ilt/drovhhnr  and  h^dtvfluonc  adds  have  no 
action  on  carbon  j  phosphm-ic  acid  is  reduced  by  it,  phosphorus  beiog 
set  free, 

(3.)  The  fixed  alkalies  and  the  oxides  generally  do  not  act  on  carbon 
unless  the  carbon  be  heated,  when  the  metals  are  reduced. 

Heddiot  carbon  decomposes  ammonia^  fgrming  ammonlc  oyanidSi 
hydrogen,  and  nitrogen. 


men 
y  td^ 

»tat 
onii^ 


GABBON. 


171 


Charcoal  lias  certain  remarkable  physical  and  chemical  properties 
of  absorbing  gases,  &c.,  which  we  must  consider. 

(a.)  Its  power  ofabiorbing  aqueous  vapor, — Recently  ignited  charcoal 

was  found  to  absorb  the  following  percentages,  by  weight,  of  water. 

(Allen  and  Pepys.) 

Weight  of  H.O 
per  cent.  abBoroed. 

Lignum  vitae  charcoal       9*6 

Fir  charcoal            130 

Beech  charcoal       16*0 

Oak  charcoal           16*5 

Mahogany  charcoal           18*0 

{h.)  Its  power  oj  absorbing  gases. — A  piece  of  hard  wood  charcoal  was 
found  to  absorb  gases  in  the  following  proportions : — 

Quantity  of  gas  absorbed. 

Ammonia  (NH3)        

Hydrochloric  acid  (HCl) 
Sulphurous  anhydride  (SO^). . . 
Sulphuretted  hydrogen  (H^S) 

Nitrous  oxide  (NgO) 

Carbonic  acid  (CO^) 

Carbonic  oxide  (CO) 

Oxygen  

Nitrogen         

'  Hydrogen       

Charcoal  made  from  the  shell  of  the  cocoa-nut  is  said  to  be  the  most 
absorbent  of  all  varieties. 

(c.)  Its  power  of  absorbing  odors. — The  deodorizing  property  of 
charcoal  is  very  marked.  Hence  its  supposed  antiseptic  properties. 
It  does  not,  however,  prevent  decomposition,  but  absorbs  noxious 
gases  and  then  oxidizes  them  by  the  oxygen  condensed  in  its  pores 
(Stenhouse),  dissipating  their  carbon  as  carbonic  acid,  and  their  hy- 
drogen as  water.     The  ammonia  formed  is  absorbed  by  the  charcoal. 

{d.)  Its  power  of  absorbing  coloring  matters. — The  decolorizing 
property  of  charcoal  is  specially  manifested  in  the  case  of  animal 
charcoal  or  bone-black,  possibly  because  it  contains  a  large  proportion 
of  calcic  phosphate, « which  serves  to  extend  the  carbon  particles. 
Seaweed  charcoal  has  also  very  considerable  decolorizing  power. 

(tf.)  Its  power  of  absorbing  mineral  and  other  substances, — ^Thus,  if 
strychnia  or  iodine  in  solution,  be  shaken  up  with  charcoal,  they  are 
rapidly  absorbed.  Lime  may  be  abstracted  from  lime  water,  and 
lead  acetate  from  its  solutions  by  similar  treatment.  Charcoal  is 
used  by  the  distiller  for  the  purpose  of  removing  the  empyreumatio 
oils  from  spirit. 

Uses.  («.)  In  nature, — Carbon  is  found  as  a  constituent  of  every 
organic  substance.     It  gives  the  plant  its   solidity  and  its  fotni. 


90  times  its 
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Henoe  organic  chemistry  has  been  defined  as  the  chomistry  of  i 
and  its  compounds. 

(If,)  In  the  arts,  (a.)  Diamonds  are  used  (1)  af»  gems;  (2)  for; 
cutting;  and  (3)  for  lapidary  work.     The  diamond  dust  commonly 
is  the  powder  of  the  dark  Brazilian  diamond. 

(/S.)  Graphite  is  used  (1)  for  pencils  (black  lead)j  (2)  for  black-Uadin 
to  protect  iron  from  rust;  (S)  for  crucibles  mixed  with  clay  (blue 
on  account  of  its  power  of  resisting  high  temperatures  and  sudden 
changes;  (4)  as  a  lubrii:ator  to  diminish  the  friction  of  machinery,  and 
(5)  as  a  facing  for  gunpowder  as  a  protectant. 

(y.)  Lwnp  blacky  owing  to  its  unalterable  naturei  is   used  as 
pigment  in  the  manufacture  of  printing  ink,  blacking,  etc. 

(?.)   Vegetable  or  wood  charcoal  is  used  as  a  dh^iuffdnnt  and  deodorizm^ 
Thus,  in  ventilating  sewers,  in  covering  graves^  in  dissecting  roorm  and  in 
hospital  wards  it  is  used  to  prevent  offensive  smells  from  putresoenil 
matter,  whilst  in  respirators  it  is  employed  to  purify  a  Titiated  air 
before  it  reaches  the  lungs. 

{(.)  Animal  charcoal  is  largely  used  as  a  decohn$$t  in  sugar-re£nlng, 
and  in  the  puriEcation  of  alkaloids,  oils,  etc. 

(f.)  As  an  absorbent  of  impuritieSt  we  employ  animal  charcoal  for 
water  filters,  whilst  in  cases  of  poisoning  by  vaiious  substances,  sue 
as  strychnia,  etc.,  the  injection  of  charcoal  into  the  stomach  as  asl 
absorbent,  constitutes  an  important  method  of  treatment. 

(»j.)  A^  a  fuel  the  use  of  charcoal  is  important.  Coal  is  of  vegetabi 
origin,  the  change  having  been  effected  by  a  peculiar  decomposition 
or  fermentation,  brought  about  by  the  agency  of  heat  and  moisture 
under  great  pressure,  whereby  much  of  the  hydrogen  of  the  wood 
eliminated  as  marsh  gas  (CH^),  and  the  oxt/gen  as  carbonic  anhydride 
(COq),  the  consecpient  accumulation  of  the  carbon  resulting.  The 
changes  are  represented  in  successive  steps  as  follows: — 


Carbon. 

Hydrogen. 

Oxygen 

(1.)  Wood 

100 

12-18 

8307 

(2.)  Peat 

100 

9-85 

5567 

(3.)  Lignite 

100 

8-37 

42-42 

(4.)  Bituminous  coal 

100 

6-12 

21-23 

(5.)  Anthracite 

100 

2-84 

1-74 

The  passage  firom  wood  to  coal,  therefore,  consists  in  the  storage  i 
the  carbon  and  in  the  ehmination  of  the  hydrogen  and  oxygen,  A  little^ 
sulphui'  is  also  present  in  cool,  derived  partly  froai  vegetable  alba* 
men,  and  partly  existing  as  FoSg,  derived  Jrom  extraneous  sour 
There  are  also  certain  saline  and  earthy  substances  present,  wl 
eonstitute  the  coal  ashes. 

The  composition  of  various  kinds  of  cool  i6  shown  in  the  following 
table :— 


COAL. 
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Lignite. 

Bituminous 
Coal. 

Wigan 
Cannel. 

Antliracite. 

Coke. 

Carbon     . .      , . 
Hydrogen 
Nitrogen  . .      . . 
Oxygen    ..     .. 
Sulphur   ..      .. 
Ash 

66-32 
6-63 
0*56 

22-86 
2-36 
2-27 

78-57 
6-29 
1-84 

12-88 
0-39 
1-03 

80-06 
6-63 
2-12 
8-09 
1-50 
2-70 

90-39 
3-28 
0-83 
2-98 
0-91 
1-61 

96-6 
0-4 
0-1 
0-8 
0-3 
1-8 

100-00 

10000 

100-00 

10000 

1000 

The  ash  of  coal  varies,  however,  to  a  much  greater  extent  than  is 
stated  above.  A  good  coal  should  not  contain  more  than  5  per  cent, 
of  ash,  whilst  a  bad  coal  often  contains  25  per  cent.  The  following  is 
the  average  percentage  composition  of  40  samples  of  ash : — 

Silica        44-8 

Lime        99 

Magnesia...         ...         ...         ...  2*4 

Alumina  and  ferric  oxide          ...  33  7 

Sulphuric  acid 8-4 

Phosphoric  acid 0'8 

1000 

The  sulphur  present  in  the  coal  is  important,  the  product  of  its 
combustion  being  sulphurous  acid,  a  gas  very  destructive  to  vegetable 
life.  Good  coal  should  not  contain  more  than  from  1  to  15  per  cent, 
of  sulphur.  The  coke  generally  contains  about  one-half  the  quantity 
of  the  sulphur  present  in  the  coal  from  which  it  was  prepared. 

Amount  of  Sulphur  in  different  varieties  oj  Coal, 


Wales 
Newcastle . . 
Derbyahiro 
Lancashire 
Scotland    . , 


Maximum. 


5-07 
2-86 
1-30 
3-04 
1-67 


Minimum. 


0-09 
0-06 
0-80 
0-62 
0-33 


Average. 


36  exps.  1-47 
18     „      1-24 


7 

28 

8 


1-01 
1-43 
l-ll 


When  coal  is  heated  in  dose  vessels,  the  volatile  ingredients,  as  well 
as  the  hydrogen,  oxygen,  and  nitrogen  present  in  the  coal,  are  driven 
off,  either  in  a  free  state  or  combined  with  more  or  less  carbon,  whilst 
coke  (that  is,  carbon  and  earthy  matters)  remain  in  the  retort.  The 
composition  of  coke  will  be  seen  in  the  above  table.  The  more  in- 
tense the  heat  to  which  the  coal  is  subjected,  the  more  dense  and  the 
more  incombustible  the  coke,  and  the  better  fitted  it  becomes  for  pro- 
ducing a  steady  and  intense  heat. 

Process  of  burning  coal  in  the  open  fire, — When  the  coal  is  heated  it 
first  softens,  then  swells  up,  and  finally  gives  off  certain  gaseous  ^ro- 
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ducts  (such  as  CH^  and  OnH^),  whicli  take  fire.    If  sufficient  oxy\ 
was  present,  all  the  carbon  would  be  dissipated  as  00a»  and  all 
hydrogen  as  H,^0,     This,  howeyer,  never  happens  in  a  fire  grai 
Such  gases  as  CH4  and  C^H^  (marsh  and  olefiant  gases)  burn  witboi 
smoke,  whilst  a  large  quantity  of  hydrooarbons,  such  aa  benzol,  naph- 
thalene, etc.,  which  are  also  formed,  catch  fire,  but  the  oxygen  bein^_ 
present  in  insufficient  quantity,  they  undergo  only  partial  combustio^B 
The  imconsiimed  carbon  from  these,  together  with  ammonic  carbonat^^ 
and  other  products,  escape  to  form  the  mioke  and  nooi.     The  hot  coke 
now  left  in  the  grate  barns  away  until  all  the  carbon  is  consumed, 
and  the  ash  or  incombustible  mineral  matter  only  remains. 

When  coke  is  used  aa  a  fuel,  it  does  not  undergo  the  first  change 
just  described.  Coke  does  not  swell  or  soften,  and  for  this  reason 
cannot  choke  the  draught  like  coal ;  and  it  is  less  combustible  than 
coal,  from  the  absence  of  inflammable  hydrocarbons,  and  conse- 
quently burns  without  smoke. 

It  will  be  noted  that  ajithracite  or  steam  coal  (stone  coal  or  Welsh 
coal),  contains  more  carbon  and  less  hydi*og©n  than  ordinary  coal.  It, 
in  fact,  more  nearly  approaches  the  condition  of  coke.  It  therefore 
emits,  when  burnt,  but  little  smoke  and  but  little  volatile  matter,  and 
consequently  but  little  flame.     Its  principal  use  is  for  furnaoea. 

Smoke  nmsanres. — To  remedy  or  reduce  to  a  minimum  the 
of  smoke,  three  things  are  necessary; 

1st.  That  the  fuel  should  be  supplied  in  small  quantities 
time,  and  be  placed  well  in  front  of  the  fire.     (In  Jucke's 
a  regular  supply  of  fuel  is  effected  by  mechanical  means). 
2nd.  That  a  strong  fire  should  be  constantly  maintained 
The  fuel  should  be  supplied  in  jimall  quantities,  in  order  that  the 
volatile  hydrocarbons  should  not  be  evolved  in  too  great  abundance  at 
a  time ;  and  it  should  be  put  in  front  of  (he  fire,  so  that  before  their 
escape  they  may  pass  over  a  large  surface  of  glowing  embers,  whilst 
it  is  impoi'tant  that  the  fire  should  be  hurraing  biisklif,  in  order  that  the 
gases  and  vapours  may  be  consumed  as  fast  as  they  are  generated. 

Srdly.  There  should  be  an  adequate  supply  of  air.     In  certaiii 
smoke  preventers  (as  Hill's  patent)  hot  air  is  supplied  to  the 
gasea  as  they  leave  the  ^b^  in  order  to  complete  the  combustion 
of  any  unburn t  portions. 
It  is  clear  that  the  prevention  of  smoke  depends  largely  on  tht 
attention  of  the  stoker- 
Charcoal  is  often   used  as  fuel.     Its  advantage  over  wood  is  iw« 
fold;  (1,)  That  the  moisture  and  volatile  matters  of  the  wood  ha^ 
been  got  rid  of;  and  (2)  that  the  percentage  quantity  of  carbon 
much  greater  in  the  charcoal  than  in  the  wood.     In  the  first 
much  heat  is  lost  when  wood  is  used  for  fuel,  in  the  formation  of  steam 
and  volatile  compounds,  which  is  avoided  by  using  charcoal ;  and  m 
the  second  case,  given  weights  of  wood  and  charcoal  being  taken^  the 
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charcoal  emits  twice  as  mucli  heat  as  wood.    Thus  the  use  of  charcoal 
preyente  loss  and  also  concentrates  heat. 

(c.)  In  medicine  charcoal  has  been  employed  in  cases  of  dyspepsia, 
obstinate  constipation,  and  as  an  application  to  foul  ulcers,  carbo 
animalis,  B.P.  (bone-black).  The  charcoal  is  purified  (carbo  animalis 
purificatus,  B.P.)  by  digesting  the  crude  charcoal  in  hydrochloric 
acid  and  water  to  remove  the  calcic  phosphate.  Carbo  ligni,  B.P., 
(wood  charcoal,)  is  also  officinal.  It  is  often  administered  in  the  form 
of  biscuits  or  lozenges.  Its  use  in  yarious  cases  of  poisoning  has 
been  already  noticed. 

COMPOTTNDS  OF  CaBBON  Aim   OZYQEN. 

Carbonic  oxide        CO. 

Carbonic  anhydride  COj. 

Carbonic  Oxide,  CO  (CO). 


Molecular  weighty  28.     Molecular  volume^    \    I    I  .     Relative  weighty  14. 
Specific  gravity f  0-967. 

Synomyms. — Carbon  monoxide. 

BKstory, — ^Discovered  by  Priestley  when  igniting  chalk  in  a  gun 
barrel.  He  supposed  it  to  be  hydrogen.  Its  true  nature  was  after- 
wards determined  (1803)  by  Cruickshank,  Clement,  and  Desormes. 

Natural  History « — ^It  is  never  found  except  as  an  artificial  product, 
as  «.^.  (1.)  In  the  neighbourhood  of  brick  or  lime  kilns.  (2.)  In  the 
gases  issuing  from  iron  blast-furnaces  (25  to  32  per  cent.),  from  copper 
refining  furnaces  (15  per  cent.),  as  well  as  from  ordinary  stoves.  Its 
escape  means  waste. 

Preparation. — (!•)  By  burning  carbon  in  a  limited  supply  of  air. 

(2.)  By  passing  carbonic  anhydride  over  red-hot  iron.  (Priestley.) 

4C0«  -H    Fe,   =  FesO^  +  4C0. 

Carbonic  anhydride    +     Iron    ^    Magnetic^  oxide  of  iron    +     Carbonic  oxide. 

[400,  +    Fe3    =        ^^(Fe)^y^04        +         4C0]. 

(3.)  By  passing  carbonic  anhydride  over  red-hot  carbon — 

CO,  +  C  =  2C0. 
(4.)  By  acting  on  oxalic  acid,  or  upon  an  oxalate  with  sulphuric 
acid. 

C2H2O4  +     HgSO^    =     COg      +         CO         +  H2O  +  H,804. 
Oxalic  acid  +     Sulphuric    =  Carbonic    -f-  Carbonic  oxide  -f-  Water  +  Sulphuric 
acid  anhydride  .  acid. 

{cOHo+    SO2H0,  =    CO,     +        CO         +0H, +SO,Ho,. 

[Note. — (1.)  The  sulphuric  acid  merely  abstracts  water  from  the 
oxalic  acid. 

(2.)  By  washing  the  gaseous  products  with  a  solution  of  sodio 
hydrate,  the  CO,  will  be  dissolved  and  the  CO  be  left]. 
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(o.)  By  lioating  potossic  ferrocyanide  with  sulphuric  acid. 

K,Fc(\;X,.  +  CII,SO^  4-  CHjO  =  2K,S0,   +   FoSO^    +   3N,H,80,  -f 
Potiissir.      -|-Siili>ljuric-|-  Wuter  ^  Potuiiaic  +  Ferrous  +  Amnionic     -4-( 
forrocyanido  acid  siilphuto        sulphate         sulphate 

Fc"('«NeK.   +GSO,TIo,+  OHoO  =  2SOaKo,  +  SO.Feo" +3S0,(Xn,0)a+ 

(().)  ISy  lioating  a  formate  or  formic  acid  with  sulphuric  acid. 

Cn/),  =  11,0  +  CO. 

Formir  acid  =  Water  +  Carbonic  oxi 

[(COIIo  =  O"*  +  CO-] 

Properties. — (a.)  Scnfihle. — A  colorless  gas  without  odor  or 

(/5.)  Phijsiological. — Carbonic  oxide  is  a  pure  narcotic  poiso: 
ofrocts  wore  described  by  Guyton  ^lorveau  in  1802,  and  by  i 
Davy  in  1810.  Its  injurious  ofTects,  when  injected  into  the 
wt'vo  di.s(  ovonul  by  Nyston.  Tourdes  proved  that  1  part  of  the 
7  of  air  killed  rabbits  in  seven  minutes,  1  in  15  in  twenty 
minutes,  and  1  in  30  in  thirty-seven  minutes.  Leblanc  and  1 
exporim^'uts  show  that  air  containing  1  per  cent,  of  the  gf 
Idll  a  do^  in  one  and  a-half  minutes,  and  that  birds  die  ini 
in  an  atiuoHpliore  containing  5  per  cent. 

Dr.  Lot hoby  found  in  his  experiments  that  air  containing  ( 
cent,  of  the  gas,  kills  small  birds  in  about  three  minutes,  whi 
atniospliore  containing  1  per  cent,  proves  fatal  in  about  half  th< 

It  lias  boon  held  that  the  xmisonous  action  of  carbonic  oxi 
ponds  (»n  tht»  formation  in  the  blood  of  a  new  and  fixed  compo 
•  ■iirlMHiic  oxide  and  ha}moglobin. 

(y.)  Ph/fsirtil.—Jt'A  specific  gravity  is  0*972  ;  the  gas,  thoref 
ffjiirtcon  tiinos  lu'avior  than  hydrogen.  It  has  never  been  cond 
It  is  do('onip<»so(l,  when  jiassed  through  a  red-hot  tube,  into  < 
and  carbonic  anhj'drido.     (S<t'  page  13.) 

(c.)  rA.////'7f/.— Carbonic  oxide  is  an  indiflcrent  oxide,  and 
action  oltlKT  on  litmus  or  turmeric.  It  burns  with  a  pale  bli 
V(Ty  ln)t  thnuo,  carbonic  anhydride  being  the  only  product.  It  i: 
supports  combustion,  nor  whitens  lime  water.  It  explodes  witl 
its  voliimo  ni'  oxygen,  forming  carbonic  anhj'dride.  It  has  no 
on  the  UK'tal  s  except  on  potassium,  which  absorbs  it  when  ] 
(i\.('.<\^.  It  conibinos  with  (hlorino  in  sunlight  to  form  phc 
iLTis  :('()ri,).  It  is  slightly  soluble  in  water,  100  volumes  diss 
2-l;i  volum'»s  at  <)()'  F.  It  forms  potassic  formate  when  heatci 
potassic  hydrate  (KIIO-fCO=-ClIKO.^).  It  is  absorbed  by  a  sr 
of  cuprous  chloride  in  hydrochloric  acid,  forming  the  com 
C(),('nnCl.,2lI./).  On  boiling  this  liquid,  the  gas  is  oxpellc 
altpvcd. 

Tlio  carbonic  oxide  flame  is  emplo3'ed  in  the  reverberatory  fii 
where  it  is  made  to  play  over  motallic!  ores,  thereby  reducing  the 
('P  forming  C<  >,.  at  the  expanse  of  tlie  oxygen  of  the  metallic 
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The  carbonic  oxide  ia  produced  bj  causing  the  carbonic  anbydride 
formed  at  the  bottom  of  the  grate  to  paaa  through  the  hot  coal  in  the 
grata  (COg4-C=2CO).  The  same  thing  occurs  in  an  ordinary  stove, 
the  COg  formed  at  the  bottom  of  tlie  stove,  where  there  is  plenty  of 
air,  becoming  00  as  it  paases  through  the  ^re^  which  burns  as  soon  as 
X  reaches  the  surface.  Carbonic  oxide  is  present  to  the  extent  of  34 
er  cent,  in  water  gas*  This  is  prepared  by  first  passing  eteain  over 
red-hot  coke,  whereby  hydrogen  and  carbonic  oxide  are  formed 
(4U^O^Q^=QO^-^2CO-\-^ll^),  and  afterwards  supplpng  the  com- 
bustible gases  with  illuminating  properties,  by  causing  them  to  traverio 
red-hut  coke  saturated  with  melted  reaiu.  The  presence  of  so  large 
a  quantity  of  carbonic  oxide  would  render  the  use  of  water  gas  very 
dangerous.  Common  cool  gas  also  contains  horn  4  to  7  per  cent,  of 
carbonic  oxide. 

Carbonic  Anhydride,  (CO«=44)  (CO,). 

]^J^olc€itlar  weight,   44.      Mohcular  volume,     \_\ \  .     Relative  weighty  22, 

^H        Spedjic  gravity ,  1*529.     100  cubic  inches  weigh  47'445  grains,  and 
^H  1  litre  19774  grms* 

^r  Synonyins* — Commonly  called  Carbonic  acid;  Carbon  or  Carbonic 
Dioxiih;  Mephitir  Air;  Gas  Si/hrestre;  Fixed  Air  (Black);  Choke  Damp, 
History. — Carbonic  anhydrido  was  known  to  Paracelsus  and  Yon 
HelnionL  It  was  examined  by  Black  in  1757,  and  called  by  him 
'Fixed  Air/  In  1775  Lavoisier,  by  careful  experiments  on  the 
products  of  the  combustion  of  the  diamond,  determined  its  exEWit 
nature  and  nnmed  it  carbonic  acid. 

Natural  History^  (o*)  /«  Ib^^  mineral  kingdom  carbonic  anhydnde 
is  found /h'^  in  the  air.     It  is  evolved — 

(L)  As  a  proihtct  of  r£^pi ration  in  man  and  animah. — Kespired  air 
©ontains  about  4  per  cent  of  carbonic  anhydride. 

(2.)  Ab  a  product  of  fermentation, — Thus,  accidents  have  arisen  from 
plunging  the  head  into  fermenting  vats. 

(3.)  Ajt  a  product  of  I  tine  /-f«/7/r«^,— Calcic  carbonate  when  heated 

^kvolves  carbonic  aDhydride,  leaving  caustic  lime  (CaCO^^CaO-f  COg).  | 

^^py  subterranean   heat   in   volcanic    districts  a  similar  action  takes 

^H^lace;    thus  immense  quantities  of  CO^  are  given  out  into  the  air, 

'      whilst  the  springe  in  the  neighbourhood  become  charged  with  the  gas, 

(4.)  A$  a  product  of  slow  oMation. — Thus,  spring  water  becomes 

impregnated  with  carbonic  acid,  from  the  oxidatiun  of  the  organic 

matter  by  the  oxygen  dissolved  in  the  water*     If  a  bottle  half  iuU 

of  water  containing  organic  matter,  be  kept  in  a  warm  room  and  in  a 

closed  vessel,  the  oxygen  in  the  bottle  will  be  found  alter  a  time  to  bo 

more   or  less   completely    replaced   by   a   corresponding   volume   of 

carbonic  anhydride.     So  also  carbonic  anhydride  is  found  in  old  wtlls 

^bnd  cellars,  where  it  is  produced  by  the  decay  of  organic  matter  and 

^Ku  some  cases,  perhaps,  exhaled  from  the  earth. 
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(5.)  Ai  a  prodact    of  1h^    explosion    of  JlrC'tlamp^    or    carhunitsU 
hydroijetK — The  product  of  tUe  exploaioa  (thoH  damp)  is  more  o(tca 
the  cause  of  deaths  thftn  even  the  ©xploeion  itself. 

(6.)  Ai  a  product  of  combufftion. — All  bodies  containing  carboB  yielfl 
by  combustion  carbonic  anhydiide.  Two  ordinary  candles  produce  qfl 
much  carbonic  anhydride  in  on  equal  time  as  one  adult  (Angus  Suiitii)i| 

It  id  ako  found  in  a  combined  state  in  oarbosAtes,  as  in  limestoot. 
marble,  and  chalk*  J 

(fi,)  It  is  not  found  in  any  great  quantity  in  the  mgdahh  ktngd&nM 
the  special  action  of  the  plant  being  to  decompose  it^  whilst  (y)  im  ttm 
animal  kingdom  it  is  found  in  the  ejchaled  air  derived  from  tliiq 
combustion  of  tissue* 

FreparatioEt    (l )    ^y     burning     carbon     in     air     or     oxyg€^ 

(2.)  By  the  action  of  acids  on  carbonates.     If  sulphuric  acid  bl 
poured  on  marble,  carbonic  anhydride  is  set  free,  but  the  action  In 
80on  arrested  by  the  formation  of  an  insoluble  sulphate  otot  tkd 
surface  of  the  marble.     Hence  we  ordinarilj  employ  HCl  for  the 

pui^ose  : — 

OaOO^       +       2HC1    =       CaCl«       -f-  H^O    -f         CO^ 

Calcic  tftrbonato  +  Hydroc^oiic  ^  CnJcio  chloride  -^  Wiiier    4-        Carlwmii 
acid  anliTdrido. 

[COOao"    +      2HC1    ^      CaClj      +  OH,    +         Cb,], 

It  must  be  collected  by  displacement. 

Properties, — («-)  Stnaihk.  Carbbnic  anhydride  ia  a  colorless 
It  has  no  odor  when  largely  diluted  with  air,  btit  the  presence 
above  5  per  cent  of  COg  rendei^  the  air  irritating  and  pupgent. 

(/3.)  PhifsiohgtcaL    When  swatlowed,  the  gas  is  harmless,     Inhiln 
it  acts  as  a  narcotic  poison. 

(1.)  Tlie  undiluted  gas  kills  instantly  by  spasm  of  the  glottis* 

(2.)  When   diluted  with  air,   so  that   the  proportion   of  the 
present  is  about  12  or  14  per  cent,  (as  in  a  room  where  a  chaiing  di^ 
has  been  burnt)  it  causes  giddiness,  hurried  circulation »  fulness 
the  head,  noises,  confusion,  perliaps  delirium,  and  finally  coma, 
may  last  a  considerable  time. 

(3.)  Air  containing  4  or  5  per  cent  of  carbonic  anhydride  (sucl 
air   once   breathed)   causes   a   sense   of  oppression   with   heailachJ 
distress,  and  perhaps  delirium  or  coma» 

(4.)  Air  containing  3  per  cent,  of  carbonic  anhydride  cannot 
breathed  witliout  great  distress,  and  will  probably  produce  insensibitit 

(5.)  An  atmosphere  containing  1  or  even  0-5  per  cent,  of  carb( 
anhydride  (such  as  is  found  in  ill-ventnatod  tlieatrotl 
distressing. 

(6.)  Its  presence  in  the  proportiun  nf  O-l  per  ami,  may  do  con&id 
the  boundary  line  between  good  and  bad  air. 
These  facts  Bhow   the  necessity  ol  ^o3i  TotAiUXkiL    iUthov 
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carbonic  aolijrdride  ia  half  as  heavy  again  aa  air,  neverrilielesa  the 
processes  whereby  it  is  produced  by  raiaing  its  temperature  render  it 
Bpecifically  lighter.  Thus  it  ascends  and  accumulates  near  the  ceiling. 
The  chimney  opening  only  ventilates  the  lower  part  of  the  room. 

(y,)  Ph^skaL  The  specific  gravity  of  carbonic  anhydride  is  1*529, 
that  is,  it  is  22  times  heavier  than  hydrogen  ;  100  cubic  inches  weigh 
47 -4 45  grains,  and  1  litre  1*9774  grm*  Hence  it  atxiiimulates  on  the 
floors  of  caves  and  caverns  (Grotto  del  Cane).  By  a  pressure  of  50 
atmospheres  at  59*^  F.  (15^  C),  or  by  a  pressnre  of  38^5  atmospheres 
at  32'^  F,  (0'^  C),  the  gas  may  be  liquefied,  the  liquid  having  a  gra- 
vity of  0*83.  It  is  important  to  note  here,  that  in  liquefying  gases 
hy  cold  and  pressure,  ^n  increased  pressure  is  not  necessarily  equivalent 
to  a  reduced  temperature.  For  in  every  liquefiable  gas  there  is  a  tem- 
perature at  which  it  cannot  be  liquefied  by  any  attainable  pressure. 
This  is  termed  the  **  critical  point^^^  that  ia,  the  point  where  the  gas  is 
wavering  between  the  gaseous  and  the  liquid  state.  Thus,  if  you 
heat  carbonic  anhydride  to  88°  F.  (3 11°  C),  no  known  pressure 
(109  atmospheres  having  been  tried)  wiU  effect  its  liquefaction. 

Liquid  carbonic  anhydride  does  not  mix  freely  with  water,  but  is  solu- 
ble in  spirit,  ether,  turpentine,  carbonic  di8iLlphidL\  etc.  If  the  liquid  be 
cooled  to  — 70"^  F.  ( — 56^  C),  or  if  it  be  allowed  to  escape  into  the  air, 
^it  instantly  fTdez^B  into  a  snow-white  solid,  the  cold  produced  by  its 
^■^aporation  in  the  latter  case  answering  to  the  artificial  cold  in  the 
^■brmer.  It  evaporates  without  melting,  inasmuch  as  the  heat  it 
^preqnires  for  its  evaporation  keeps  it  as  low  as  — 125^  F.  (—  87*2*^  0.), 
whilst  it  melts  at  — 85^  F.  (—65^  C).  It  conducts  electricity  badly. 
^The  greatest  known  cold  (— 148°R,  or —100°  C/),  is  produced  by 
Hfthe  evaporation  of  a  mixture  of  solid  carbonic  anhydride  and  other 
•      **»rt  vacuo. ^^ 

A  heat  of  2192*^  F.  (1200®  C.)  decomposes  carbonic  anhydride  into 
oxygon  and  carbonic  03ude,  re-combination  occurring  if  the  mixture 
be  allowed  to  cool  slowly.  Similarly^  the  heat  of  the  electric  spark 
will  affect  dissociation,  the  oxygen  set  free  being  said  to  be  in  an 
ozonised  condition. 

At  ordinary  pressure,  1  volume  of  water  absorbs  1  volume  of  tho 

gas ;  at  2  pressures,  2  volumes ;  at  3  pressures,  3  volumes,  etc. ;  but 

on  the  removal  of  the  extra  pressure  all  the  dissolved  gas  ese^apes 

11    except  the  original  volume.     Thus,   by  pressure  under  the   earth, 

^■^ater  may  be  made  to  take  up  an  extra  quantity  of  gas,  whereby  it 

^is  rendered  effervescent  when  it  comes  to  the  surface. 

The  rain  as  it  falls  dissolves  atmospheric  carbonic  anhydride.    This 

solution  acts  on  oertain  rocks,  slowly  crumbling  and  disintograting 

im.    This  proooas  of  rock  disintegration  is  assisted  by  the  expansic  n 

the    water  in   the    interstices  of   the  rock    during  congelation. 

us  soils  are  formed  of  the  broken  down  dehm  (Na48i04-|-4Hn04- 

=^H^iO*H-4NaHCOi),     Further,  owing  to  the  solubility  of  the 
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gas  in  wateTi  tbe  rain  LringB  it  to  the  roots  of  plants,  the  aolattoi: 
dissolving  the  calcic  phosphate  which  is  insoluble  in  pure  water. 

(c,)  Chemical, — The  gaseous^  but  not  the  liqtiid  c-arbonic  anhjdrida 
effecta  a  transient  reddening  of  blue  litmus.     The  pure  gas  instimtl^^ 
extinguijihes  a  flame.     We  may  classifj  the  results  of  dilute  carbon 
anhydride  as  follows : — 


An  ntmoepherc  contsining 


16  percent,  of  CO,. 
I*        fi  (« 

8  II  M 


AGtioD  on  fljiflic. 


Flame  instantly  extioguIsb<yd^ 
Flame  e^tuig:tii)<bed  if  not  burtiing  rigoroutly* 
Taper  burns,  but  tho  flame  conaiditmbly  duUiod. 
Taper  burns  readilf . 


i 


Thus  it  is  evident  that  a  taper  may  bum  in  an  atmosphere  that 
daogerous  and  even  fatal  to  life. 

Potassium  bnrns  in  carbonic  anhydride,  setting  free  carbon  (300^ 
2K<»^  2X^003  ^  0)«  Sodic  oxalate  is  formed  when  the  gas  is  passed  in 

melted  sodium  (2C0^.4-Kn2=C^NaoO|),  and  potassic  formate,  togotb 

with  hydric  potassic  carboaate^  when  the  moist  gas  is  brought  it^ 
contact  with  potassium  (2COa-|-K^+H50=KHCOg-f  KHCO^), 

Carbonic  acid  (IIoCO-j)  is  not  Icnuwn. 

Tests,— A  white  precipitate  with  lime  or  baryta  water*     Its  rea- 
eolubility  in  a  solution  of  potassic  hydrate  enables  us  to  separate 
from  most  other  gases. 

COMPOITNDS   OF   CARBOy   AKD   THE    HaLOIDA. 

Comjwunds  of  Carbon  and  Chlorine^ 
Carbonic  Tetrachloride  .,,         ,,»     00)4. 

Carbonic  Trichloride    * » .  .  0^01(5, 

Carbonic  Dichloride     ... CgCl^. 

Carbonic  Monochloride  CaCI^  or  CgCl^j. 

These  compounds  are  all  prepared  by  indirect  methods. 
Carbonic  Tetrachloride  (CCU=154). 

Synonym , — ^*''^*  loride  of  ca  rhofu 

History, — Discovered  by  Eegnault. 

Preparation. — (lO  By  the  action  of  chlorine  on  marsh  ga&  (CI^^*'' 

(2.)  By  passing  chlorine  and  carbonic  disulphide  vapor  thr«DUj?l^»-  * 
red-hot  tube(CSg-h4CU=CajH-28Cl2).  The  suljihur  chloride  "n*-  ^/ 
be  dissolved  out  by  a   solution  of  potassic  hydrate. 

Properties* — A  colorless  Hquid.     Specific  gravily,  156.     BoiU 
172^  F.  (77^  C.) ;  freezes  at  --9^  F.  (—22-8'^  0).  It  is  insoluble  in  wat 
but  is  soluble  in  alcohol,  and  in  ether.    It  freely  ditiHolves  fats,  resiJ 
Btc,     3 J  fhe  action  upon  it  of  irinc  and  hydrochloric  acid,  ihlorofc^i 
tnny  be  ubtained.     Its  vapor  is  powerlviW^  «k.iv»5^xV^XAv 


CAKBOinC   OXYCnLORIBE. 
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Carbonic  Trichloride  (0^0^=202). 

SjT10JlYtB.»^Se^^uichion'de  of  carb&n. 
History* — Discovered  by  Faradaj. 
^ft     Preparation. — (l-)  By  the  action   of   sunlight   ott  a  mixture  of 
H:>ateli  Uquid  (aH.Clg)  and  cMorine  (C«H4Cl.  +  4Cl,.=  aei^+ 4HC1), 
^B     (2,)  By  imesing  the  vapor  of  carbonic  tetrachloride  (CCI4)  through 
^Ra  red-hot  tube, 

^g     Properties.— A  white  crystalline  solid ^  having  an  aroinatic  camphory 
"odor.     It  fuses  at  320'"  F.  (160°a),  and  boils  at  360^ F,  (182^2° C), 

when  it  sublimes  unchanged.     It  is  volatile  at  ordinary  temperatures. 

It  is  insoluble  in  water,  but  is  aolubl©  in  ether  and  in  alcohol. 


^ 


^ 


Carbonic  DicMoride  (CgOl4=l64). 

Synonirni* — ProtoMoride  0/  carbon. 
History. — Discovered  by  Faraday. 
Preparation*^ — (l^)  By  passing  the  vapors  of  CC!^  or  CjCl^  througU 
B  red-hot  tube. 

(2.)  By  the  action  of  nascent   hydrogen  on  carbonic  tri chloride 

Properties. — A  Equid.  Specific  gravity,  1-19.  Boils  at  248"^  F. 
(117*^0.).  It  is  ineoluble  in  water,  but  is  soluble  in  alcohol,  and  in 
ether. 

Carbonic  Monochloride,  CsClg,  or  QClg, 

SynonymBi"^- Carion/r  svhMoride  or  Hcxavhloride. 

I^eparation. — (1-)  By  passing  either  the  vapor  of  C^Ol^  op  of 
chloroforoi  through  a  red-hot  tube, 

(2.)  By  the  action  of  chlorine  on  benzene. 

Properties. — A  white  crystalline  solid  without  odor,  insoluble  in 
water,  but  soluble  in  ether  and  hot  alcohol.  It  melts  at  43 8 ^^"^  F. 
(226*^0.),  and  boils,  subliming  unchanged  at  627*8^  F.  (331°  C). 


I      T>are 


Compounds  of  Carbon  with  Beomine,  Etc, 

A  carh<mk  Utrtthromide  (CBr^) ;  a  cat^anic  tribromide  (CgBrg),  pre- 
pared by  acting  on  O^Br^  with  bromine ;  and  a  carbonic  dihromide 
(GgBri)  prepared  by  acting  on  ether  or  alcohol  with  bromine,  aU  three 
of  which  are  white  crystalline  bodies,  have  been  described. 

By  the   action   of   bromine  in   sunlight    on    carbonic    dichlorido 

((C^Cl^),  a  carbonic  chhivb  romide  (C^Cl^^w.),  a  crystalline  body,  is  formed. 
No  compound  of  carbon  and  iodine  has  been  for  certain  discovered. 
Compounds  of  Cabbon  with  Oxygen  anb  thk  Haloids. 
Carbonic  OrychJoride,  COCl^. 
Synonyms. —  Chloroi^arbonic  acid;  Carbonyl  chloride ;  Phosffene  gat. 
Preparation. — (l*)  By  exposing  ec^ual  volumes  of  carbonic  ox^ida 


182 


HANDBOOK   OF   MODKRW   CHEMISTEY. 


terS 


and  chlorine  to  sunlight,  tho  mixture    condensing  to  one-hall  ii 
original  volume* 

(2,)  By  heating  together  carbonic  tetrachloride  and  adneic  oxide 
(2CC1^+  3Zn0^aZnCJ^H-  COCL  -f  CO^). 

(3.)  By  the  oxidation  of  chloroform. 

Properties- — A  colorless  pungent  gaa.     It  is  decomposed  by  wal 
Por  this  reason  it  fumes  io  the  air,  the  chlorine  combining  ^th 
hydrogen  of  the  moisture  (C0Cl«+H^0=C0g-h2HCl).     By  a  cold  of 
6"^F.  { — 16°0.),   it  forma  a  liquid  wliich  has  a  specific   gravity 
1432  at  32*=  F.  ((fC),  and  boils  at  4(V3''"F.  (8-2°  G.)* 

With  ammonia  it  forma  urea  and  ammonic  chloride. 

4NH3    +     COCl,      =  COH.Ne  +        2NH^G1. 
Ammoilia  ^  Phoageue  g&a  =      Urcft        4"  AmmciQic  chloride. 
This  reaction  illustrates  the  property  of  phosgene  gas  in  eSi 
the  displacement  of  hydrogen  and  its  substitution  by  oarbomc  oxide. 
The  analogous  bromine  and  iodine  compounds  have  not  been  pre 
pared. 

Compounds  of  Cahbon  Aim  Sulphub.  

Carbonic  Bisulphide  (CB2). 

SyHOnyinB, — Bisulphurct  or  Bmdphide  of  carbon;  Sulphocarhonie 

History  .^Discovered  accidentally  by  Lampadiua  in   1796  w 
distilling  iron  pyrites. 

Preparation, — (l)  By  passing  the  vapor  of  sulphur  over  heated 
charcoal  (C+Se^CSg). 

(2.)  By  heating  together  charcoal  and  iron,  or  charcoal  and  copper 
pyrites  (C  +  2FeSg=CS^  +  2FeS), 

Properties, — («•)  Senmbie, — An  ethereal  colorless  liquid  having  a 
peculiar  odor. 

(/i,)  Fh^siologiraL — Its  action  is  ancesthetic,  and  in  excess  it  acts  as 
a  poison.     It  is  used  for  destroying  io  sects  in  grain, 

(y.)  Phym:aL — Specific  gravity  of  Hquid,  1-272  ;  of  vapor,  2'63.  It 
boils  at  110^  F.  (43-3^0.),  but  it  cannot  be  frozen.  It  refiracts  light 
powerfully.     It  is  volatile  at  ordinary  temperatures. 

(^,)  Cktiviiraf. — ^It  has  no  action  on  litmus.  It  fires  at  360°  F 
(1 82-2°  C),  the  products  of  its  combustion  being  CO..  and  SOr> 
explodes  vehemently  when  mixed  with  oxygen.  Potassium  bums  in 
the  vapor  with  the  liberation  of  carbon,  and  the  formation  of  a 
potassio  sulphide  (CS5-|-2K2=2SKo-hC),  When  the  vapor  is  passed 
over  many  red-hot  metaUic  oxides,  it  changes  them  into  sulphides* 
When  a  mixture  of  the  vapor  and  sulphurptted  hydrogen  is  passed 
over  hot  copper^  it  yields  a  sulphide  of  copper  and  marsh  gas 
(CS.,  +  2n.,8  +  Cua=4Cu^S  +  CHJ. 

It  combines  with  alkaline  hydrates,  and  with  alkaline  sulphides  to 
form  sulphocarhomtefi  (M"C8<,).  which  are  bodies  analogous  to  ths 
carhQnsite&f  but  containing  sulphur  in  the  place  of  oxygon  (CaCOi 


'4 
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-CaCS^).  When  the  sulphocarbonatee  are  boiled  with  water  they 
become  carbonates,  Suf/fhoi^arbonie  it4ud  (H^CSj)  may  be  prepared  by 
the  action  of  hydrochloric  acid  on  the  salts.  It  is  a  yellow  oily  liquid. 
L  Carbonic  disulphide  is  nearly  insoluble  in  water,  but  very  soluble  in 
^ktleohol  and  in  ether.  It  is  a  solvent,  moreover,  of  many  bodied,  Buck 
^Baji  fiulphur,  phosphorus^  iodioe,  the  alkaloids,  oils,  gums,  rosins,  fats, 
^fiete.  Hence  its  use*  It  is  also  employed  in  makings  iharmometers  for 
re^stering  very  low  temperatures. 

It  forms  one  of  the  most  troublesome  impurities  of  coal  gaa. 


I 


I 


Carbonic  Oxysulptide  (COS). 

This  body,  which  was  discovered  by  Thau^  may  be  regarded  aa 
H58,  where  (CO)''  has  replaced  the  Hj* 

Preparation, — (lO  ^J  heating  a  mixture  of  sulphur  vapor  and 
carbonic  oxide. 

(2.)  By  beating  together  potassic  eulphocyanide  and  dilute  sul* 
pburic  acid,  A  hydros ulphocyanic  acid  is  first  formed  (KCNS-f- 
H.^SO^^UONS-h  KILSO4)  and  afterwards  decomposed  by  the  water 
into  carbonic  oxysulphide  and  ammonia,  the  latter  being  absorbed  by 
the  excess  of  acid  (HCNS-f  HgO^NH^  +  COS). 

(3,)  By  heating  a  mixture  of  urea  and  carbonic  disulphide. 

Properties,^ — A  combustible,  aromatic  gas,  decomposed  by  heat 
into  CO  and  8.  It  is  slightly  soluble  in  water,  the  solution  decom- 
posing after  a  timo  spontaneously  (or  immediately  if  an  alkali  be 
present),  into  carbonic  anhydride  and  sulphuretted  hydrogen.  It  haa 
no  action  upon  an  acid  solution  of  lead,  copper  or  silver. 


BOEON(B-ii). 

^Jtomic  might,  1 1,    Molecular  weight  (probable),  22.     Triad  (BCI3— BF^.) 

History-— Prepared  by  Davy  (1807),  by  the  action  of  the  galvanic 
current  on  boracic  acid*  Guy  Lussac  and  Thenard  (1808)  prepared 
it  by  acting  on  boric  anhydride  with  potassium.  WoMer  and  Deville 
(1857)  first  prepared  the  cryetalliuo  modification. 

Katoral  History- — It  is  never  found  in  nature  in  a  free  state.  It 
occurs  as  boracic  acid  in  the  lagoons  of  Tuscany,  and  in  combination 
with  soda  as  tincai,  with  magnesia  as  boracite,  and  with  Unie  as  bora- 
ealcite,  etc. 

Varieties, — Three  varieties  have  been  described,  viz.,  the  amarm 
phous,  the  grajihoidal,  and  the  erifnialUne,  The  graphoidal  modification, 
however,  is  probably  a  compound  of  AlB,^. 

Preparation.^ — (a)  Amorphous  boron, 

(1,)  By  fusing  together  boric  oxide  and  sodium  (B403-f3Naa 
=3Na,0-hB2). 

(2.)  By  the  action  of  boric  oxide  on  potassium,  or  on  potassic  boro- 
luoride. 
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(/3.)   Cri/Bfalltne  (diamond)  horon. 

By  fusiDg  togetlier  boric  oxide  and  aluminium  (B2Oj4-Al^=AL0j 

Properties, — The   amorphous   modification  of  boron   is   an  olive- 
green   powder,  and  buraa  both   in  oxygen  (forming  B^Oj)  and 
chlorine    (forming  BCl^).     It  is   insoluble  in   water.     When   burnt ' 
in  air,  a  trace  of  bono  nitride  (BN)  is  formed.     It  decomposes  hot 
mtphurw   acid   {nllS0^-^B^=BJJ^^'^SK^0-\-3S0o),    and    nitric    acHi 
It  also  decomposes   the  alkaline  carbonates^   smlphates^    and    mtrai€$^ 
setting  free  carbonic  oxide,  sulphurous  anhydride,  and  nitric  peroxide 
respectively. 

Crystalline  or  diamond  boron  (adamantine  boron)  which,  next  to  the 
diamond,  is  the  hardest  substance  known,  has  a  specific  gravity  of 
2'68,  and  when  pure  is  colorless,  and  a  powerful  optical  refractor.  It 
is  infusible,  and  is  not  acted  upon  by  strong  acids,  but  it  burns  when 
heated  to  redness  in  chlorine.  It  ftirms  boric  oxide  when  fused  with 
potassic  sulphate  (6KHSO4  +  B^.=^B/>^+  aK^SO^-H  iiH.p  +  3S0«). 


ve-     ■ 
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[Boric  or  Boracic  Acid  (H3BO3  or  BHoa).    Boracic  Anhydride 
Preparation  and  Natural  History*— The  acid  was  originally 

prepared  by  Humljerg  (1702)  and  by  Leniery  (1727)  by  the  action 
either  of  dilute  sulphuric  acid^  as  suggested  by  the  latter,  or  of 
dehydrated  ferrous  sulpliate,  as  suggested  by  the  former,  on  borax 
(NagO^SB^O^-j- lOaq  called  Stdative  Saitj  and,  when  in  the  roughi 
Tinral), 

The  acid  is  now  obtained  as  follows  : — ^In  certain  volcanic  districts 
boracic  acid  is  discharged  from  the  earth  in  a  free  and  vaporous  state, 
aceompanied  by  steam  jets  (sulfioni).  .We  know  nothing  of  its  actual 
origin.  Por  the  purpose  of  condensing  these  steam  jets,  brick  basiafl 
(lagoons)  are  erected  at  the  site  of  the  discharge,  and  are  filled  with 
water  from  neighbouring  springs.  A  series  of  these  lag^oons  is  con- 
structed in  a  descending  line,  so  that  the  water  may  flow  from  one  to 
the  other.  The  acid  solution  which  collects  in  the  basins  ia  then  eva- 
porated down  in  leaden  pans,  the  suffioni  themselves  being  employed 
as  the  source  of  heat.     The  acid  is  then  puritied  by  crystallization. 

Properties,  (a-)  J^h^sieaL — The  acid  has  a  bitter  taste  and  crystal- 
lizes  in  scales.  At  248'^  F.  (120'"  C.)  it  becomes  HBOj  or  BOHo  (m^ih 
boric  acid).  At  a  higher  temperature  a  hygroscopic  body  (BgOj)  is 
formed,  which  at  a  greater  heat  fuses  to  a  dear  glass  (vitrtous  boric 
acid)  which  finally  volatUizes. 

It  is  soluble  in  3  parts  by  weight  of  boOing  water  and  in  26  parts 
of  cold,  but  its  solubility  is  irregular.  It  is  soluble  in  spirit,  the 
fiolution  burning  with  a  green  flame. 


SILICON   OR   STLICIUM, 


(/3*)  ChemicaL — The  aolution  of  the  acid  is  faintly  acid  to  litmus, 

F^"t  if  a  piece  of  turmeric  paper  be  dipped  into  the  solution  and  dried, 
becomes   of  a  brown  red  color.     If  this  be  moistened  with   an 
all  it  ehangea  to  an  intense  blue. 
Chd  acid  forms  salts  called  borates. 


Boric  Nitride,  BN  or  B.N^.  ■ 

Frsparation. — ^By  heating  boron  in  nitrogen,  in  air,  or  in  ammonia 

gas,  or  by  heating  a  mixture  either  of  borio  oxide  and  urea,  or  of 

l[}orax  and  ammouic  chloride. 

Ptoperties, — A  white,  infusible,  and  insoluble  powder,  i 

I  A  boric  Moride  (BCl,),  a  liquid  prepared  by  burning  boron  in 
iclilorine;  a  boric  bromide  (BBr^)^  a  liquid  also  j>repared  by  direct 
union;  a  boric  fluoride  (BF^),  a  gas  prepared  by  heating  a  mixture  of 
}}orax,  fluor  spar,  and  sulphuric  acid,  have  been  described.  Moreover, 
ft  hcric  mlphide  (B.>S,),  a  white  solid,  formed  by  direct  union,  is  known, 
Afluohoric  acid  (HB0c.3HF)  and  a  hydrofiuoboric  acid  (HBF4)  formed 
I      by  the  action  of  water  on  boric  fluoride  are  also  known. 

B  SILICON  or  SILICIUM  (Si=28  5). 

^V  Atommtf/^  tetrad  J  a^  in  SiClg. 

History, — Silicon  was  discovered  by  Davy  (1807),  when  acting  on 
eilicic  acid  wilh  potaBsium,  Berzeliua  (1824}  obtained  it  by  the  actioa 
of  potassium  on  flyc»silicic  acid» 

Natural  History .^^i^i^on  has  never  been  found  in  a  free  state. 
It  occurs  (fl.)^  in  ihe  mineral  kingdom,  as  silica  (SiOj)  j  both  in  a  trya- 
talliitd  form,  as  quartz ;  and  in  a  nan-cryUaUiied  form,  as  flint,  chal- 
cedoDy,  opal,  etc.  It  also  exists  abundantly  in  combination  with 
metallic  oxides.  Clays  are  aluminic  silicates.  (/3.)  In  the  vcgetabU 
kingdom  it  is  found  in  the  stems  of  cereals ;  (y)  and  in  the  animal 
kingdom  in  teeth,  feathers,  bones,  etc. 

Varieties. — Silicon  exists  in  three  modificationa  j  (a)  amorphom; 
(/3)  ffraphoidal ;  and  (y)  cryataUine,  I 

FteparatiOD* — (a*)  Amorphous  Silicon,  ~ 

(1.)  By   heating    together    potassium    and    potasaic^ailico -fluoride 
(fluoride  of  silicon  and  potassium). 
^  SiK^Ffi  +        2K.       =  6KF  +       Si. 

^B        FoUiaic  Bilito-iluonde    -f-     Pota&aium    i=     Pota&aic  fluoride    -|-     Silicon. 
"      (2.)  By  heating  soditim  in  the  vapor  of  silicic  chloride  (SiCl^^- 
2Na8=Si-h4NaCl). 

(j3.)    Graphoida!    Siticm, — By    fusing    together    aluminium    and 
amorphous  silicon,  and  afterwards  diesolving  out  the  aluminium  from 
the  mixture  by  boiling  hydrochloric  acid. 
I  (y.)  Adamantine  BHieGn,  ■ 

^^     (1*)  By  fusing  amorphoua  silicon.  I 
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(2.)  By  lieatmg  alummium  in  a  current  of  silicic  cUoride  Tapctr 

(38iCl44-2Al«=2AlgCl6H-  3Si). 

Properties* — (<^)  Of  amorphous  ^licon,     A  dark  brown  powder. 
Specific  gravity  2  0.  Infusible  and  in  volatile.  It  neither  conducts  heat 
nor  electricity.     It  burns  when  heated  in  air  or  oxygen,  forming  SiO^| 
It  is  not  acted  on  by  any  solvents  except  hydrofluoric  acid  (fluorin^^ 
having  a  great  affinity  for   silicon),    forming    hydrofluosilicic  acid 
{8i  +  GHF  —  SiH.F^^  +  2He).     When  fused  with  potassic  hydrate, 
hydrogen  is  evolved,  and  a  potaeeic  silicate  formed  (Si  +  4KH0  ^^ 
K^SiO^  +  2H^).     By  fusion  with  aluminium  the  graphoidal  modiiiciiH 
tion  is  produced, 

ii^)  Qf  graphoidal  silicon.     It  18  found  in  the  form  of  cryBtalhne 
metallic-looking  scales,  having  a  specific  gravity  of  2*49.    It  condudjfl 
electricity.    It  does  not  burn  in  oxygen.    It  is  not  dissolved  by  hydro^' 
fluoric  acid,  but  is  soluble  in  a  mixture  of  hydrofluoric  and  nitric 
acids.     It  is  slowly  acted  upon  when  fused  with  potassic  hydrate. 

(y,)  Of  adamantine  silicon* — Adamantine  silicon  is  even  less  pront 
to  oxidation  than  the  graphoidal  modification.  It  resemblea  crystal* 
lized  hajmatito  both  in  color  and  appearance. 


CoMPOTJTfDS   OF    SiLICOK  AITD   OxTGEN* 

Silica  (8iOa=60)  (SiO«). 

SynonyMS. — Silicon  dioxide  ;  SHict'c  anhydride. 

Natural  History, — ^Bilica  occurs,  in  the  mineral  kingdom,  both  la 
a  crystalline  and  in  an  amorphous  form,  QuarU  (i,  <►.,  rock  crystal, 
consisting  of  six-sided  cryetaU  terminated  by  six*sided  pyramids), 
Amtthjat  (the  purple  color  of  which  is  due  to  iron),  Cmmgorm  (a 
yellow  or  brown  stone),  are  iUaetrations  of  the  crystalline  variety; 
and  Agate^  Chakedojii/  (which  in  layers  of  different  colors  constinitei 
Onffx),  JaspeTt  Cornelian  (the  color  of  which  is  due  to  ferric  oxide), 
Flint t  and  Opal  (where  the  silica  is  combined  with  varying  quantiti«« 
of  water),  are  illustrations  of  the  amorphous  variety. 

Sand  is  very  nearly  pure  silica,  its  different  colors  depending  on  th« 
presence  of  various  foreign  matters.  It  forms  the  chief  support  of 
the  soil  Plants  absorb  it  freely,  as  shown  by  ita  presence  in  the 
stems  of  rushes  and  cereals*  This,  and  its  presence  in  solution  m 
certain  natural  waters,  as  in  th©  Geysers,  prove  the  possibility  of  Its 
existing  in  a  soluble  form. 

All  the  artificial  forma  of  silica  are  of  the  amorphous  modification. 

Properties, — Pure  silica,  when  r«  mafise,  is  a  hard,  colorless,  trauA- 
parent  body,  but  when  finely  powdered  appears  white.  The  crtfsiaUim 
form  has  a  specific  gravity  of  2-7,  and  the  amorphous  of  2-2.  Both 
forms  are  non- volatile,  but  by  oxy-hydrogen  heat  they  fuse  to  a  dear 
glass,  the  cryfitallino  thereby  boLoming  the  amorphous  moH 
Thej  are  iutH>luble  in  pure  water,  and  in  all  acids  except  liydi 
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The  araorphaus  form  is  soluble  in  eolutions  of  the  caiistic  alkalies, 
and  is  slightly  soluble  in  the  alkaline  carbonatea.     By  heating  finely 
powdered  quart^E  (but  not  if  it  be  in  luinp),  it  is  converted  into  the  | 
amorphous  variety,  and  becomes  soluble  in  alkalies. 

The   ordinary  vogotaLle   acida  (as  e^jf.  tartaric  acid),  or  a   weak 
acid  (such  as  carbonic  acid),  precipitate  silica  from   its   solutions; 
neverthelesS|  at  a  high  Umpet^aturCf  silica  being  non-volume^  decomposeij 
carbonates  and  even  sulphates, 

8ilica  is  soluble  in  fused  boraxi  but  not  in  micxocosmio  salt. 

Silicic  Acid. 

1X48104,  or  2H50,8iO^  or  SiHo*  {tetraham'c  acid). 
HsSiO,,  or  njO,SiOe,  or  SiOHog  {dibasic  acid). 

At  the  moment  that  silica  is  liberated  from  its  soluble  compounds, 
it  is  soluble  in  water,  silicic  acid  being  thereby  formed.  This  is  found 
in  the  two  modifications  mentioned  above. 

Frdparation. — (1«)  If  silica  be  fused  with  sodic  carbonate,  car- 
l)omc  acid  escapes  and  a  sodic  silicate  is  formed.  This  salt  is  alkalinei 
and  soluble  in  water.  If  a  few  drops  of  hydrochloric  acid  (1.  <^,  not 
fvfficient  to  render  it  arid)  be  added  to  its  solution,  it  forme  a  gelatinoua 

I  mass,  from  the  separation  of  hydrated  silicic  acid.     If  an  excess  of 
acid,  however,  be  added  (».  €.,  mffivknt  to  render  it  acid),  silicic  acid, 
jlogeiher  with   sodic   chloride,    are   produced,    and   both   remain  in 
polution : — 
[  KaJSiO^    +         4nCl  =  H^BiO^    +     4Naa. 

I  fiodie  iilicftto  +  Hydrocbloric  acid  ^  Silicic  acid  -j-  Sodic  chlurida. 

;  [SiNao4     +         4nCl  =  SiHo^     +     4NaCL 

I  If  this  solution  be  dialysed,  the  sodic  chloride^  with  any  excess  of 
fcydrochloric  acid,  will  pass  through  the  dialyser,  whilst  a  pure  solu- 
tion of  silicic  acid  will  remain  on  the  dialysor. 

8 ub stances  (like  sodic  chloride)  that  ditluse  rapidly  are  termed 
crystalloids^  and  those  having  a  low  rate  of  dilfusion  (such  as  silicic 
acid)  are  termed  colloids, 

(2.)  It  may  also  be  prepared  by  the  action  of  carbonic  anhydride 
on  a  solution  of  sodic  or  other  soluble  silicate.  This  action  is  similar 
to  that  which  occurs  in  the  natural  disintegration  of  granite. 

Na^SiO^    Hk  4n^0  +  4CO2  =    H^SiO^    +  4NaHC0,. 

Sodic  BilicAla  4-  "Winter  +  Carbonic  anhydride  ^  Silicic  acid  H-  H^^^i^  ^^^ 

carbonate. 

[SiNao^    +  40n,  4-  4C0^  =    SiHo4   +  4C0IIoNao.] 

1(3.)  By  the  action  of  water  on  silicic  fluoride : — 
38iP^        4-411.0^0^810,    +         2BiB^YG, 
8ihcic  fluoride  4-  Water  ^  Silicic  acid  +  Hydrofluotilicic  acid. 
[aSiF*      4-  40H5=  SiHo4     +      2HE,SiFvl 
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BTapof^' 


Properties,^ — "^^^  solution  of  silicic  acid  may,  hj  cautious  eTapof 
dtion,  b6  concentrated  until  it  contains  14   per   cent  of   the   acid 
(H^SiOj).     In  this  state  it  is  a  colorleea  tasteless  liquid,  and  faintli 
acid  to  litmus.     By  keepings  tlie  acid  separates  from  the  water  i 
a  gelatinous  maea^  wbich  shrinks  in  drying,  and  when  dry  has 
formula  Si^H/lifi  (SijOeHo^).    If  tliis  be  heated  to  212'^  F.  (100=^  C] 
it  loses  water  and  becomes  Si6H40j4  (SigOioHo.!), 

If  the  solution  be  evaporated  in  vacuo  over  sulphuric  acid,  a  lus- 
trous glass  is  fonned,  containing  78  per  cent,  of  silicic  acid  (H^O,SiO£j. 
This  is  insoluble  in  water,  and  but  very  slightly  soluble  in  hydro- 
chloric acid.  By  further  heat  the  anhydrous  acid  may  be  obtained, 
which  is  insoluble  both  in  hydrofluoric  acid  and  in  water|  but  ii 
soluble  in  bailing  solutions  of  the  caustic  alkalies. 

CoMPouifDa  OF  Silicon  and  the  HALoms,  Eto, 
Compounds  o/  Silicon  and  Chlorine. 

Silicic  tetrachloride       .♦•  ...  ...  ...        SiCl^. 

Silicic  trichloride  . , ,  ...  . . ,  ...       Bi^Olg. 

Sihcie  hydro  trichloride ..,         ...       SiHCl^, 

Silicic  Tetrachloride  (SiCT^). 

Synonym ^ — SU id*-  Ch hride, 

Preparation,"^( l •)  By  burning  silicon  in  chlorine. 
(2,)  By  heating  carbon  and  silicic  anhydride  in  a  stream  of  chlorina 
SiO^  +     20     +     2CL     ==  SiCU  +  2C0. 

Silioio  anhydride  +  Cftrbon  -j-  Chkiine  ^  Silicon  tetrachloride  -f  Carhonio  oiidfi. 

[8iO^        +    20    -h    2Cls    =  SiCU  +        2C0]. 

Properties.  —  A  transparent,  pun  gent- smelling,  colorless,  ywy 
volatile  liq^uid.  It  fumes  in  the  air  from  the  deposition  of  silica  by 
the  action  of  the  moisture.  The  specific  gravity  of  the  liquid  at 
32°  F,  (0°  0),  is  1-5237,  and  of  the  vapor  5"939.  It  boils  at  138*2' R 
(59°  0.).  Water  decomposes  it  into  hydrochloric  and  silicic  acid* 
(SiOU+40H,=  SiHo4+  4HC1). 

Silicic  Trichloride  (SiuCla),  formed  by  acting  on  silicon  with 
carbon  tetrachloride,  has  been  prepared.  It  is  a  colorless  liquid  (8p. 
Gr»  1"58)»     Ita  vapor  is  spontaneously  inflammable. 

Silicic  Hydrotrichloride.— (SiHCl3)(^v/ico/i  cA/w/w-m),  is  prepared 
by  heating  cry st alii Kod  silicon  in  a  stream  of  hydrochloric  acid  (Si  -|-  3HC1 
=SiH0l3+H2).  It  is  a  fuming  liquid,  boiling  at  96-5°  F.  (36°  C). 
The  vapor  is  very  inMammable,  and  explodes  when  mixed  with 
oxygen*  It  is  decomposed  either  (1)  by  passing  it  through  a  red-bot 
tube^  or  (2),  at  ordinary  temperatures  by  the  action  of  chlorine,  or, 
(3),  by  contact  with  water. 

Several  Silicic  oxychlorides  liave  been  prepare4 
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COMPOXTNDS  OF  81LICON  WITH  BbOMINB,  IoDIKB^  ETC. 

Silicic  Tetrabromide  (SiBr4)  is  prepared  similarly  to  the  chlorine 
oompoond.  It  is  a  colorless,  heavy  liquid,  boiling  at  307*4°  F. 
(153°  C). 

Silicic  Tribromide  (SisBre)  is  also  a  crystalline  substance. 

Silicic  Tetriodide  (8114)  is  a  crystaUine  body,  prepared  by  passing 
iodine  vapor  and  carbonic  anhydride  over  heated  silicon. 

Silicic  Triiodide  (Siele)  is  also  a  crystalline  solid,  prepared  by  the 
action  of  metaJlic  silver  on  Sil4. 

Silicic  lodofonn  (SiHIj),  corresponding  to  silicon  chloroform, 
has  been  prepared  by  passing  hydrogen  and  hydriodic  acid  over 
heated  silicon.  It  is  a  liquid  (Sp.  Ghr.  3*362),  and  is  decomposed  by 
water. 

CoMPoxmDs  OF  Silicon  with  Fltjoeinb,  etc. 
SiUdc  Fluoride  (SiF^). 

Synonym. — Silicic  Tetraflmride. 

l^eparation* — By  heating  together  silica,  calcic  fluoride  and  sul* 
phuric  acid. 

SiOj     +    2CaFa    +     2HJ5SO4      =      SiF^      +     2Ca804H20. 

Silica      +      Calcic      +       Sulphuric      =      Silicic      +      Bihydric  calcic 
fluoride  acid  fluoride  sulphate. 

[SiOg    +    2CaF2   +   2SO8H02    =     SiF4     +  2S0HogCao"]. 

Properties. — A  heavy,  colorless,  fuming  gas.  Specific  gravity  3*6, 
It  neither  bums  nor  supports  combustion.  It  may  be  liquefied  by 
pressure,  and  solidified  by  a  cold  of —220°  F.  (—140°  C).  By  the 
action  of  water  upon  it,  silicic  and  fluosilicic  acids  are  formed. 

38iF4  +    4H2O   =     H4Si04      +  2SiH2F6. 

Silicic  fluoride    +    Water    =    Silicic  acid    +    Hydrofluosilicic  acid. 

[3SiF4        +    4OH2  =     SiHo4     +      2(2HF,SiF4)]. 
Many  metallic  oxides  (as  lime)  absorb  it  freely. 

Hydrofluosilicic  Acid  (2HF,SiF4  or  H^SiFe). 

Synonyni' — SiUco-fluoric  add, 

Ihrepaxation. — By  the  action  of  water  on  silicic  fluoride.  {See  last 
equation.) 

Properties. — The  solution  is  a  fuming  acid  liquid.  It  does  not 
attack  glass.  When  heated,  silicic  fluoride  is  evolved,  and  hydro- 
fluoric acid,  which  readily  dissolves  glass,  remains  in  solution. 

Neutralised  with  bases,  a  hydro-fluosilicate  is  formed  (2KnO 
+  2HF,SiF4=2H,0+2EF,8iF4) ;  but  if  the  base  be  added  in  exceaa. 
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silica  is  thrown  down,  and  a  metallic  fluoride  produced 
+  2lIF,SiF4=4H20+6KF+8i02).  The  baric  and  potaasic  h; 
silicates  are  very  insoluble. 


Silicic  Nitride  (Formula  ?)  is  formed  by  the  direct  oombii 
silica  and  nitrogen,  at  a  high  temperature.  It  is  a  white 
body,  soluble  only  in  hydrofluoric  acid,  forming  ammoni 
fluoride.  When  heated  in  carbonic  anhydride,  it  forms  i 
carbonate.  When  heated  in  steam,  ammonia  is  set  free.  ] 
acted  upon  by  chlorine,  nor  does  heat  alone  affect  it. 

Silicic  Sulphide  (SiSg)  {bisulphide  of  silicon),  is  prepared  i 
direct  union,  or  by  passing  CSg  vapor  over  a  mixture  of  char 
silica.  It  is  a  white  amorphous  hygroscopic  solid,  soluble  i 
by  which  it  is  decomposed   into    silica    and  hydro-sulphv 

SUico-Pormic  Acid,  or  Leukon  (Xcvwc  white)  (SiHnOj 

formanhtjdride)  is  formed  by  the  action  of  water  on  silicon  chl 
It  is  a  white  substance,  decomposed  by  the  caustic  alkalies  ' 
evolution  of  hydrogen.     It  has  a  powerful  reducing  action. 

Chryseon,  or  Silicone  (Si6H604  ?)  is  an  orange-coloured  bo 
lublo  in  most  solvents.  It  is  decomposed  by  sunlight,  a 
powerful  reducing  agent. 

No  compound  of  carbon  and  silicon  is  known. 
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CHAPTER  IX. 
HYDEOGEN. 

Htdbooek  : — Compounds  of  Hydrogen  and  Oxygen — ^Water — Compounds  of  Hydro- 
gen with  the  Haloids,  with  Nitrogen,  with  Phosphorus,  with  Sulphur  and  Se- 
lenium— Compounds  with  Carhon,  viz.,  Methane,  Ethylene  and  Acetylene- 
Flame — Compound  of  Hydrogen  and  Silicon. 

HYDEOGEN  (H  =  i). 

Atomic  weight,  1.  Molecular  weight,  2.  Molecular  volume,  j  j  | , 
Relative  weight,  1.  Specific  gravity,  0-0693.  100  cubic  inches  weigh 
2-1496  grains,  and  1  litre  =  1  crith,  i.e.,  weighs  0-0896  grm,  1 
grra.  at  0°  C,  and  at  760  mm,  pressure  measures  11-19  litres,  and 
1  grain  at  60°  F.  and  30  B,P.  measures  46-73  cubic  inches, 

Synonjrms. — Inflammable  Air  or  Gas  (Oavendisli,  1781) ;  Phlogiston 
(older  chemists) ;  Hydrogen  (vdatp  water,  and  yevvam  I  produce)  (Asso- 
ciated French  Chemists). 

History. — ^The  alchymists  described  "  an  inflammable  air/'  which 
-was,  no  doubt,  hydrogen.  It  was  studied  by  Paracelsus  in  the 
sixteenth,  and  by  Hales  in  the  seventeenth  century,  when  engaged 
in  examining  the  gas  produced  by  the  distillation  of  coal.  Cavendish 
(1766)  examined  it  more  carefully,  and  was  the  first  to  set  it  free  by 
the  action  of  acids  on  metals  Its  properties  were  afterwards  investi- 
gated by  Watt,  Priestley,  Volta,  and  others. 

Natural  History. — («•)  In  the  mineral  kingdom  it  is  found  free  in 
volcanic  gases  (to  the  extent,  at  times,  of  25  per  cent.),  in  firedamp, 
and  also  occluded  in  meteorites  (see  page  193).  In  a  combined 
state,  it  forms  one-ninth  part  by  weight  t>f  water,  three-seventeenths 
of  ammonia,  one  seventeenth  of  sulphuretted  hydrogen,  etc.  ()3.)  In 
the  vegetable  kingdom  it  is  found  as  a  constituent  of  all  tissues,  as  well 
as  in  the  water  with  which  in  all  cases  the  tissue  is  associated ;  whilst 
(y.)  In  the  animal  kingdom  it  is  always  found  in  the  tissues,  and  occa- 
sionally in  a  free  state  in  the  breath. 

Preparation. — (l.)  By  the  electrolysis  of  water,  the  hydrogen 
being  developed  at  the  negative  pole. 

(2.)  By  the  action  of  an  intense  heat  on  water. 

(3.)  By  the  action  of  sodium  and  potassium  on  water  at  common 
temperatures. 

2HgO+    Nag   =     2NaH0     +      H«. 
Water  +  Sodium  :=  Sodic  hydrate  +  Hydrogen. 
(2OH2+    Na^   =     20NaH    +      H^.) 
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(4.)  By  passing  steam  over  cortain  red  Hot  metaUi  such  as  iroa« 
3Fe    +    4H^0   =  Fefi^  +         4H^ 

Iron     -h     '^ater    ^  Trifenio  tetroxid©        H-        Hjdrogfo* 

(Bkck  or  magaetic  oxide) 

(Fe.,  -h    40U^  =  Fep4  +         4H«. 

[Note. — Metallic  platinum  cannot  be  made  to  decompose  water  a1 
anj  temperature^  but  if  the  pltLtinum  be  inlimately  associated  with 
magnesium  or  with  zinc,  decomposition  of  the  water  may  be 
effected  at  ordinary  temperatures.  Copper  decomposes  watei  at  ^_ 
very  high  temperature,  but  if  the  capper  be  associated  with  zinc  ^M 
then  decomposes  it  at  ordinary  temperatures^  (Proceedings  of  R.  S., 
1872,  pp,  133,  218.]) 

(5.)  By  passing  steam  OTer  red  hot  coke  or  charcoal   (Deville  aad 
Debray)  :^ 


2HsjO  +       C     ^      2H4      + 


COj. 


Wat^r  +  Carbon  ^  Hydrogen  -J-  Car^omc  anhydride, 

[20H,+      0     =      2H^     -J-  00,]. 

[Note. — The  CO,  may  be  removed  by  lime.  If  the  heat  be  t09 
great,  CO  (and  not  OOg)  is  formed,  this  gas  being  incapable  of  re* 
moval  by  lime], 

(6,)  By  the  action  of  hydrochloric  or  dilute  sulphuric  acid  on  nm 
and  on  certain  other  metals : — 


(a.) 


Zn  +       2HC1        =         ZnCIs       +       Hg. 
Zinc  +    Hydrochloric    ==  Zincic  Chloride  H-  H?dit>gea. 
atid* 

2HC1 


[Zn  -f- 


=         Z11CI5 


H.SO4       =         ZnSO^      +       H^. 
+  Siilphimc  acid  =:  Zincic  sulphate  -|-  Hydrcgen, 


(/3.)    VZinc 

(.[Zn  +  SOc,Hob  =  SOjZno"  +  H^.] 
[KoTE.^{er.)  On  closing  tb©  Te»»el  in  which  hydrogen  it  heing  g<eaer&ted  hy  ibfi 
action  of  dilute  sulphuric  acid  on  zinc,  the  pressure  of  the  gaa  stops  further  decom- 
positioQ,  It  liaa  been  suggested  that»  in  this  case,  pressure  stops  aflSnity  by  piSTcutiiif 
the  escape  of  bubKles  of  hydrogen,  the  effect  of  which  ortliaarily  is  to  ditpUos  l!>* 
zincic  flulphAte  solution  immediately  surrouTiiiing  the  zioQ.  This  being  stopped,  fni^ 
acid  is  prevented  from  coming  into  contact  with  the  meUL  (fi.)  The  hydrogea  prt- 
pared  by  the  action  of  acids  on  metals  is  not  pure,  but  rontains  certain  oampoun4«  of 
H  and  f!,  whii'h  may  he  removed  by  passing  the  gfls  through  wood  chftrooal,  and  ik> 
of  H  and  S,  and  H  and  As.  It  may  be  purided  IVom  these  latter  by  paaaiitg  it  thfoqfk 
solutions  of  caustic  potaah  and  argentic  nitrate  respectively.] 

(7.)  By  boiling  zinc  in  a  solution  of  potassic  hjdrate,    the  mc 

displacing  the  hydrogen : — 

2KnO        +  Zn  =        ZnKA         +       H^ 

Potassic  hydrate  -f  Zinc  ^  Potassic  zincic  oxide  4*  Hydrogen. 

[20KH       +  Zn  ^        ZnKo^  +       H^.] 

(8.)  Bj submitting  certain  organic  substances  to  destructiTe  distiU*- 
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f     Properties* — («•)  Seni*tVe, — When  pure,  hydrogen  ift  a  colorless 
^8,  Without  taste  or  odor, 

(/^O  PhymyhgiidL — It  has  no  toxic  effects.     It  may  be  lireathed  forJ 
a  few  seconds  (when  pure)  with  impunity,  the  voice  bciug  rendered  " 
eculiarly  shrill  under  itg  influence.     If  breadied  continuously,  death 
eeults  from  want  of  oxygen. 

(y.)  Pht/sicnl. — Hydrogen  is  the  lightest  body  known,  being  14*47 
69  lighter  than  air  (Sp,  Gr.  0*0693 ),     Sound  travels  three  times 

iter  in  it  than  in  air.     It  is   a  permanent  gas,  that  is,  no  cold  or 
reaaure  can  effect  its  condensation.    It  refrat^ts  light  more  powerfully 

an  any  other  gas ;  compared  with  air,  at  the  same  temperature  ond 
density,  its  refracting  power  is  six  times  as  great.  Hydrogen  exhibits 
la  a  remarkable  degree  the  power  of  diffunon^  i.  e.,  a  power  due  to  the 
constant  motion  and  mutual  repulsion  of  gas  particles.  If  a  bottle  of 
hydrogen  be  connected  vertically,  by  a  narrow  glass  tu1ie,  with  a 
bottle  of  oxygen,  the  oxygen  (the  heavier  gas)  being  below,  the 
Jiydrogen,  against  the  action  of  gravity,  will  descend,  and  the  oxygen 
irill  ascend,  a  complete  mixture  of  the  gases  in  the  two  bottles  re- 
aulting.  Similarly,  if  a  vessel  be  divided  into  two  parts  by  a  porous 
diaphragm,  one-half  being  filled  with  one  gas  and  the  other  half 
-with  another  gas,  dilfu&ion  will  take  place  until  the  admixture  of  the 
gases  is  complete.  But  the  rate  of  diffusion  is  not  alike.  Graham's 
law  is  expressed  thus: — *'  The  diffnsihibt*/  of  two  gases  varies  inversely 
as  the  square  roots  of  their  dtnsities.^*  Thus,  the  density  of  H  =  1  and 
of  O  =  16,  therefore  the  diffusihilitj  of  these  two  gases  is  as  4  to  1  j 
in  otber  words,  the  diffusion  of  four  cubic  inches  of  hydrogen  will 
occupy  the  same  time  aa  the  diffusion  of  one  cubic  inch  of  oxygen. 

The  *'  diffiisiojneirr  "  of  Graham  is  a  glass  tube  closed  at  one  end  by 
fiome  porous  material,  such  as  well-dried  plaster  of  Paris.  If  this  be 
filled  with  hydrogen  and   the  open  end  placed  in  water,  the  water 

ses  rapidly  in  the  tube,  because  the  hydrogen  passes  through  the 
porous  diaphragm  (/.  e.  diffuses)  at  a  gi-eater  rate  than  the  air  enters ; 
t\^*,  H  =  1  and  air  =  14-47,  therefore  their  relative  ditfusibility  = 
\^\4'A7  to  \r  \^  or  as  3*8  to  1 ;  or,  for  every  I  cubic  inch  of  air 
entering  the  tube,  3*8  cubic  inches  of  hydrogen  escape.  It  will  bo 
se^n,  therefore,  that  by  this  means  a  mixture  of  two  gases  of  un- 
equal diffusibility  may  be  partially  separated  (atmolf/ms). 

By  the  term  osmosis,  we  imply  not  simply  diffusion  through  small  i 
apertures,  but  tlie  passage  through  membranous  diapkragms.     Here,  ^ 

hesion  between  the  membrane  and  the  gas  plays  its  part  in  the 
roc^ss,  as  well  as  diffusion. 

We  have  remarked  that  hydrogen  is  found  occhided^  that  is,  ab- 

►rbed,  in  meteoric  iron.      If  hydrogen  be  passed  over   a  red-hot 

ilate  of  platinum,  the  metal  will  absorb  3-8  times  its  own  volumu  of 

ihe  gas,  whilst  palladium  wiU  absorb  376  volumes  at  common  temj^e- 

ratures,  643  volumes  at  194^  F.  (QO^  C),  and  52G  volumes  at  473""  1^. 

Q  _ 
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(245*^  C),  the  oc^cluded  hydrogen  being  in  eyery  ease  oomplmiqH 
eTolved  on  the  application  of  heat.  The  absorbed  gaa  possesse^H 
great  chemical  activity,  for  if  the  palladium  containing  the  occlude^H 
hydrogen  be  placed  in  a  jar  of  chlorine,  or  in  an  iodine  soIatioi^B 
hydrochloric  and  hydriodic  acids  will  be  formed ;  and,  bj  aimil«^^| 
means,  ferric  oxide  may  be  dianged  to  ferroiie  oxide«  Graham  helj^l 
that  in  this  and  like  cases  an  alloy  of  palladitim  or  other  metal  ani^l 
hydrogen  (to  which,  in  this  state,  he  gare  the  name  **  htfdrogenmm^^M 
was  formed,  but  of  this  there  is  coneiderable  doubt.  ^M 

The  analogy  between  hydrogen  and  the  metals  is  well  marked,  n<]^| 
18  the  fact  of  its  gaseous  condition  any  argument  against  ita  metallic 
nature. 

(^,)  CA^fi/irra/.^ Hydrogen  baa  no  action  on  litmus  or  turmeric.  It 
will  not  support  combuation,  but  it  burns,  when  pure,  with  a  pei^H 
fectly  colorless  fiame,  any  color  being  probably  due  to  some  impurity;H 
such  as  a  trace  of  sulphur  either  in  the  air  or  in  the  gas.  Water  is 
the  only  product  of  its  combustion  (noted  hy  Macquer,  1766).  la 
burning,  it  produces  a  greater  heat  than  an  equal  bulk  of  any  known 
substance  J  one  grain  of  hydrogen,  in  combining  with  eight  grains  of 
oxygen,  produces  sufficient  heat  to  raise  62,031  grains  of  water  I^  F^ 
or  34,462  grains  1^  0. 

With  oxj/genj  hydrogen  does  not  combine  under  ordinary  eircun 
stances  j  but  by  the  action  of  heat,  or  by  spongy  platinum,  or  whe 
the  gases  are  nascent,  combination  may  be  easily  effected.     [The  ex- 
plosion resulting  from  £ring  the  mixed  gases  depends  on  the  midde 
expansion  caused  by  the  heat  developed  by  the  combination.] 

In  the  case  of  the  Iiahidb'j  boat  is  required  to  effect  the  chemic 
union  of  hydrogen  with  iodine  and  Huorine,  whilst  daylight  is  suffidefl 
to  effect  its  combination  with  chlorine  and  bromine. 

With  7iitrogenf  combination  may  be  effected  directly,  if  the  glfl  ^ 
in  a  nascent  state,  when  ammonia  is  formed. 

With  carbon  and  sulphur,  the  ilirect  union,  and  with  pho9pheru$^ 
sehmium,  silkon^  etc.,  the  indirect  union  of  hydrogen  may  be  effected. 

With  antimony  and  arsmic,  hydrogen,  when  nascent,  forms  gaseous 
combinations. 

ira/rr  dissolves  a  trace  of  hydrogen;  100  volumes  take  up  1*93 
Tolumes  of  the  gas^  its  solubility  being  unaffected  by  the  tempecratuxn 
of  the  solvent. 

The  acids  ha?e  no  action  upon  it,  except  that  nascent  hydrogen 
reduces  nitric  licid.  ~ 

The  ftU'fih'es  are  also  without  action  upon  it. 

With  the  mdaUf  hydrogen  forms  but  few  compounds. 

Meialiic  oxithit  are  unaffected  by  hydrogen,  unless  they  be  red  '. 
when  they  are  red t teed. 

Comparing  hy<lrogen  with  oxygen,  we  may  note  their  remarkable 
chemical  dissLmilarity ;  oxygen  combines  with  oil  the 
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except  with  iluonne,  whereas  the  hydrogen  com- 

Ipound  with  fluorine  is  easily  formed  and  of  great  stability ;  moreover, 
hydrogen  combines  directly  with  none  of  the  elements  except  with 
bzygen,  carbon,  sulphur,  and  the  haloids  (fluorine  excepted).  The 
eambining  power  between  oxygen  and  the  metals  is  Intense,  whilst 
Ihat  between  hydrogen  and  the  metals  is  almost  niL 
ltd  proportion  in  gaseous  misturea  may  be  deter ouned  by  a  endio- 
metric  experiment,  as  already  described  (page  98 )« 

i  WATER  (H,0  or  OH,). 

Mohailar  weight j   18;  Densittf^   9;  Specific  gravity^  TOOO, 
History. — Water  was  regarded  by  the  ancients  as  an  element* 
Til  ales  (COO  b»c.)  describes  it  as  the  origin  of  all  things ;  Yan  Helniont 
(1600   A,i>.)    estimated    the   quantities    present    in    various    animal^ 
^^  vegetable,     and    mineral    compounds.       Prieatley    (1780)    correctly 
^■predicted  its  composition  from  noting  the  moisture  formed  on  firing 
^^Biixtnre   of  air  and   hydrogen.     Watt  and   Cavendish  (1781-178? 
coniirmed    Priestley's    predictions    by   more    accurate    experimen 
proving  its  compound  nature  and  the  proportions  of  its  constituents 
Lavoisier  and  Laplace  (1783-4)  added  further  confirmatory  proofs  of 
its  exact  composition. 

Natural  History. — («')  ^  the  mineral  kingdom  it  is  found  as 
water,  in  {a)  the  atmosphere,  also  as  rain,  enow,  and  hail ;  and  {b) 
in  seas  and  rivers.     It  is  estimated  that  |  of  the  earth^s  surface^  or 

152,000,000  cubic  miles  is  water.  It  also  occurs  (f)  below  the  surface 
Tof  the  earth  to  a  certain  depths  thrown  up  here  and  there  as  springs, 
and  {(l)  lastly,  combined  in  many  minerals  as  hydrates.  (/3.)  In  the 
prg€iahl€  kttigdoni^  and  (y.)  also  in  the  antrtial  kingdom,  a  large  per* 
)C6ntage  is  water. 
Preparation, — Chemically  pure  water  la  not  found  in  nature.  It 
I  may  be  prepared  by  dti<tiUaiion,  tbat  is^  by  vaporising  the  water  and 
condensing  the  vapor.  Filtration  removes  suspended  matters  only, 
CompoBitioiL 
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The  two  volumes  of  hydrogen  combining  with  on©  volume  of  oxygen 
rm  two  vulumee  of  water  gas. 
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Pt-oo/s  ofita  vompoifition. — Tlieee  are  both  analjtxeal  and  syntheticat^l 

(A.)  AnalyticaL  (L)  By  the  electrolysis  of  water.  ^| 

Plftcing  the  platmuin  terminalfl  of  a  galvanic  battery  in  a  weak  aci^H 
Bolutiou,  the  acid  being  added  to  increase  the  conductivity  of  thoH 
water,   Lydrogon   will   be  immediately  evolved  from   the    negative, 
and  oxygen  from  the  positive  pole*     The  volume  of  oxygen  evolve^K 
ia  slightlif  hss  than  one-half  the  volume  of  hydrogen.     It  should  b^| 
exactly  one-half,  but  (1 )  oxygen  is  more  soluble  than  hydrogen  in 
water^  and  (-2)  some  of  the  oxygen  is  ozonized  (as  may  be  proved  by 
its  action  on  iodized  stareh  paper),  in  which  form  three  Tolumes  ar9 
condensed  into  two.     Allowing  for  this,  the  experiment  proves  tha 
water  is   made   up  of   2    volumes   of  hydrogen  -h  1    voltiim    of  oxygen 
The  same  fact  might  also  be  demonstrated  by  passing  sparks  fron 
the   indtiction  cdlI  through  eteami   whereby  it  is  decomposed,  and 
analyzing  the  producta  formed. 

Oxygen  is  sixteen  times  hearier  than  hydrogen.  The  bulk  of 
hydrogen  in  water  being  twice  that  of  oxygen,  it  follows,  thenef ure, 
that  in  IB  parts  by  weight  of  water  we  have  2  paris  by  weight  of 
hydrogen-^  16  parts  %  weight  o/oxygen, 

(2.)  That  water  is  made  up  of  oxygon  and  hydrogen  in  these  pro» 
portions  by  weight  may  be  proved  by  passing  steam  over  a  weighed 
quantity  of  red-hot  iron,  whereby  the  water  is  decomposed,  hydrogen^ 
passing  over  in  a  free  state ^  and   an  oxide  of  iron  formed,     Th^| 
hydrogen  may  be  measured  and  its  weight  estimated,  whilst  the  weight 
of  the  oxygon  in  combination  with  the  iron  may  also  be  determined* 

(B.)  St^ntfietkal,  (1.)  If  two  volumes  of  hydrogen  and  one  Tolume  of 
oxygen  be  fired  in  a  eudiometer  by  an  electric  spark,  they  combine 
with  explosion^  this  being  due  to  the  energetic  and  rapid  combinatiu 
of  the^  gaseB^  attended  with  sudden  expansion  and  great  evolution  i 
heat.     The  water  gas  (H^O)   formed  will  measure  (when  oooiparail 
under  identical  conditions  and  at  such  a  temperature  that  the  water  is 
in  a  etate  of  gas)  two-thirds  the  bulk  of  the  original  gas,  or,  in  other 
words,  three  volumes  of  the  mixed  gases  will  be  found  to  form  two 
volumes  of  steam,    (Cavendish.)     (6«  page  34.) 

It  may  further  be  noted  that  combination  in  these  proportions  is 
constant     If  oxygen  and  hydrogen  be  mixed  in  arbitrary  proportions 
and  exploded,  combination  always  occurs  in  the  proportion  of  two 
Tolumes  of  hydi^ogen  with  one  volume  of  oxygen,  whilat  the 
added  in  excess,  remains  unaltered  after  explosion. 

(2.)  If  a  stream   of  pure   hydrogen   be   passed   over   a  wei^he 
quantity  of  hot  and  well-dried  cupric  oxide,  the  hydrogen  will  deprif 
the  copper  of  its  oxygeUj  and  steam  will  be  formed.     If  the  water  I 
collected  and  weighed,  and  the  weight  of  the  reduced  copper  be  ako 
estimated    (los8=0),    we   shall    be   able   to   determine   the   relative 
weights   of    oxygen   and  hydrogen   present   in   the   water   formed. 
(DuloDg  and  Berzeliut,  Dumas  and  Boussingaultj. 
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(8.)  Water  is  tlie  only  product  of  the  oombuBtion  of  hydrogen  in  air 
or  oxygen.  And,  moreover,  whenever  combustible  bodies  contaioing 
hydrogen,  auch  as  tallow,  oil,  coal  gas,  ete.,  burn  with  flftme,  water 
is  always  found  as  one  product  of  the  combustion. 

It  may  here  be  noted  that  enormous  heat  is  evolved  by  the  union  of 
hydrogen  and  oxygen,  Thua»  the  oxy- hydrogen  jet  suppliea  \is  with 
a  heat  almost  unsurpassed  by  chemical  means. 

Properties, — (a.)  Setmhk, — Water  (when  pure)  ia  usually  said  to 
have  neither  color,  taste,  nor  smell.  As  regards  its  color^  we  note  that 
when  a  layer  of  six  feet  ia  examined  by  transmitted  light,  it  appears 
of  a  blue  tint,  and  in  still  greater  bulk,  aa  seen  in  the  Swisa  lakes,  of 
a  bluish  green  tint.  The  presence  of  organic  matter,  however,  even 
in  minute  quantity,  imparts  a  brownish  tinge  to  the  water,  so  much 
so,  that  the  tint-depth  may  be  taken  as  a  rough  indication  of  the 
amount  of  organic  matter  present  in  solution. 

Aa  regards  its  odor^  although  this  cannot  be  detected  by  man, 
animals  smell  it  at  long  distaoces,  aa  shown  in  the  case  of  horses  and 
camels  in  the  desert. 

Pfn/R)caL—(jl)  The  specific  gravity  of  water  at  39*2"^  F,  (4°  C),  (itaJ 
point  of  maximum  density)  is  regarded  as  I'OOO,  and  is  the  standarAI 
of  comparison  for  solids  and  liquids,  I 

Water  may  exiat  in  the  soUd,  liquid  or  (jaseo^a  state.  The  changM 
from  the  solid  into  the  liquid,  or  from  the  liquid  into  the  gaseouM 
state,  involves  tlie  absorption  of  heat.  m 

As  to  its  weight —  ■ 

|l  cub.  in.  of  water  weighs  (62^  F.  or  167^  0.)  262*4«16  gra.,  8p.  Or.  I'CKIO  ■ 

„       of  ic«  „       (32''  F,  or  0^  C.)        236*000  gi*.,  Sp.  Gr.  091674 

„       of  ateam     „     (212°  F.  or  100''  C)        01032  gr.,  Sp.  Gr,  0  623  (00d93x9) 

Water  is  therefore  about  825  times  heavier  than  air.  A  cubic  foot 
weighs  about  lOOOozs.  avoird.  (actually  997  ozs.);  ont  gallon,  70,000 
grains,  or  about  10  lbs.  avoird.  j  1  litre  (at  4*^0.),  1000  grammes,  or 
I  kilogramme. 

Water  is  practically  incompressible.  Every  atmosphere  contracts  j 
it  about  fifty-one-million ths  of  its  bulk,  or  a  presasure  of  30,000  lbt».| 
will  force  14  volumes  into  13,  (Begnault) 

The  action  of  keat.—At  all  temperatures,  water  evaporates.  At 
82*^  F.  (0*^C.)  it  freezes.  If  tliis  frozen  water  be  heated  it  melts,  but 
tintil  the  whole  of  the  ice  be  melted  the  liquid  remains  at  32'^F. 
(O^C),  notwithstanding  the  application  of  heat.  After  the  ice  is 
melted,  its  temperature  gradually  rises  as  the  heat  is  continued  up  to  J 
212^  F.  (100'^  C),  when  the  water  boils,  whilst  if  the  heat  be  applied" 
long  enough,  the  water  ^iU  entirely  boil  away, 

L — We  say,  then,  water  freezes  or  becomes  solid  at  32*^  F.  or  0°0, 
But  the  exact  temperature  of  freezing  is  iniiuenced  by  a  variety  of 
etrenmstances.  The  melting  point  of  ice  is  more  constant  than  the 
fffizing  point  tf  wafer;    henre,   the   former   is  usually  employed  m 
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graduating  thermometers.     The  oirciimstances  mflueacing  the  tern* 
perature  of  freezing  are  aa  follows ; — 

(a.)  The  presence  of  atmospheric  air.     In  closed  vesaela,  at  perf< 
rest  and  out  of  contact  with  airt  the  temperature  of  water   may 
lowered  to  14'^  F.  (  —  10'^  C.)  withoizt  solidification,  but  if  the  wata: 
this  temperature  be  shaken,  it  instantlj  freezes,  the  temporal 
immediately  rising  to  32^  F,  (0'"  C). 

(/3»)  In  closed  vessels^  air  being  present,  or  in  very  narrow  tube«,^ 
water  may  be  cooled  to  5°F.  (  — IS"^  C.)  without  its  beoomiug  frozen, 
aolidiEcation  occurring  on  the  slightest  motion  being  imparted  to  the 
liq^uid. 

(y,)  If  water  be  surrounded  by  certain  mixtures  (such  as  chloro- 
form and  sweet  almond  oil,  which  may  be  mixed  in  such  proportions 
that  the  liquid  has  the  same  density  as  water),  the  water  thus 
encircled  may  be  cooled,  without  solidifying,  to  — 4°F.  ( — 20°  0.).  Ifi 
in  this  state,  however,  it  be  touched  with  a  piece  of  ice,  it  instantly 
freezes  and  expands, 

(^.)  Pressure. — The  melting  point  is  lowered  0*0075"^  0.  for  every 
additional  atmosphere.  At  a  pressure,  therefore,  of  13^000  atmo- 
spheres, ice  would  be  converted  into  water  at  0-4°  F.  ( — 18*^  C)  Water 
at  39-2*^  F.  (4*^  C),  enclosed  in  a  perfectly  tight  vessel  where  expansioa 
is  impossible,  will  not  freeze  although  cooled  below  zero.  The  ice. 
crystals  are  rhombohedric  and  six> sided  prisms, 

n.  On  heating  ice  at  32°  F.  (0°C0,  we  note  that  the  application 
heat  does  not  raise  the  temperature  until  the  whole  of  the  ice  is 
melted.     Thus^  ice  at  32'^  F.  (O'^C.)  uses  up  heat  to  become  tt'a/fr  at 
32°  F,  (O^O*     The  amount  of  heat  thus  used  up  by  a  given  amo 
of  ice  is  called  the  latent  heat  of  waier,     A  pound   of  water  at   32' 
(0°C.)  mixed  with  a  pound  of  water  at   IT&'^F.  (79*44'^  0.)  wiH  ha 

$.  mean  temperature  of   ■    ^       =LlQZ'd^  F.,  whilst  a  pound  of  ice  at 

32°  R  (0°a),  mixed  with  a  pound  of  water  175^F.  (79'44^a)  will 

have  a  temperature  of  32^  F.,  hit  the  tee  teill  have  mdted,  1 43  degrees  F. 

having  been  rei|uired  for  this  purpose.     Note,  therefore, 

32  -4-  32 
175  —  143  ^  32  ;  temperature  of  liquid  =^——^ —    =  32^=  F,' 

We  regard,  therefore,  143"^  F.  (79*4'^'  C.)  m  the  latent  heat  of  watrrl 
In  other  words,  143^F*  (79'4'^C;)  ie  the  heat,  unrecognisable  by  i 
thermometer,  absorbed  by  I  lb.  of  ice  in  becoming  water, 

[For  explanation  of  thermal  unit,  or  unit  of  heat,  wide  page  37.  J 
JII. — Ice  presents  a  peculiar  phenomenon  termed  **  MegeiatitmJ 
Two  pieces  of  ice,  on  being  squeezed  together*  cohere.     This  cohesioiil 
(**regelatiou")  is  probably  due  to  a  certain  portion  of  the  ice  bo 
'  ooming  melted  at  the  points  of  contact,  owing  to  the  melting  pou 
being  lowered  by  the  pressure.    Instantly,  however,  that  the  prt»8sur9* 
is  removetl,  the  wttter  solidifiet?. 
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IV.  After  a  sufficiency  of  heat  has  been  applied,  the  water  boils. 
Water  evaporates  (that  is,  gives  off  vapor)  at  all  temperatures.  The 
▼apor  thus  given  off  has  a  certain  "elastic  power,"  or  '*^»*io»." 
Air  also  has  an  **  elastic  power,"  or  '^  tension,"  which  is  capable  of 
supporting  760  mm.,  or  nearly  30  inches  of  mercury ;  in  other  words, 
air  has  an  elastic  power  capable  of  exerting  a  pressure  of  15lbs.  on 
every  square  inch.  When  the  tension  or  pressure  of  the  vapor  given 
off  by  the  water  under  the  action  of  heat,  balances  the  tension  or 
pressure  of  the  atmosphere,  the  water  is  said  to  boil.  This  occurs  at 
212°  F.  (100°  C). 

y.  Various  circumstances  influence  the  temperature  at  which 
water  boils. 

(a.)  Boiling,  we  have  said,  is  the  "  temperature  at  which  the  pres- 
sure or  the  tension  of  the  water* vapor  balances  the  pressure  of  the 
atmosphere ;"  thus  inasmuch  as  the  pressure  of  the  atmosphere  (K)n«> 
stantly  varies,  it  follows  that  the  boiling-point  of  water  must  also 
vary.  It  is  only  when  the  barometer  is  at  760  mm,  (that  is,  the 
mean  height  of  the  barometer  at  the  sea-level)  that  water  boils  at 
100°  C,  the  boiling  point  being  reduced  1°  C.  for  every  27  mm.  that 
the  barometer  falls.  If  water  be  placed  under  the  exhausted  receiver 
of  an  air-pump  it  may  be  made  to  boil  even  at  common  temperatures. 
On  Mont  Blanc  (417  mm.  pressure),  water  boils  at  183-2°  F.  (84°  C). 
It  will  be  seen,  therefore,  that  by  noting  the  temperature  at  which 
water  boils,  by  means  of  what  are  called  hypsometric  thermometers^  we 
may  infer,  approximately,  the  elevation.  For  every  590  feet  the  boil- 
ing point  is  lowered  about  1°  F.  (1°  0.)  for  every  1,062  feet. 

The  foUowing  table  gives  the  tension  of  aqueous  vapor  at  different 
temperatures.  It  will  be  noted  that  at  212°  F.  (100°  C),  the  vapor 
tension  of  water  is  equal  to  the  pressure  of  the  atmosphere  (760  mm.). 
Hence  water  boils  at  212°  F.  (100°  C.)  :— 

Tension  oj  the  vapor  of  water  (Regnault.) 


Temperature. 

Tension  in  Mm. 
of  Mercury. 

Temperature. 

Tension  in  Mm. 
of  Mercury. 

°F. 

°C. 

°F. 

*>C. 

—  4 

—20 

0-927 

104 

40 

64-906 

+u 

—10 

2093 

122 

60 

91-982 

32 

0 

4-600 

140 

60 

148-791 

41 

+  « 

6-634 

168 

70 

233093 

60 

10 

9-166 

176 

80 

364-280 

69 

16 

12-699 

194 

90 

626-460 

68 

20 

17-391 

212 

100 

760-000 

86 

30 

31-648 

The  above  diagram  will  show  the  importance  when  graduating 
thermometers,  of  accurately  noting  the  barometric  pressure  at  the 
time  of  graduation. 

Further,  by  increasing  the  atmospheric  pressure  the  temperature  at 
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wliich  water  boils  will  also  be  increased.  With  ooe  atmosphere  \lT| 
750  mm.  pressure)  we  have  seen  that  water  bulb  at  212'^  F.  (lOO^C.)! 
with  two  atmospheres  it  requires  a  beat  of  249*^'  F.  (I20*fi'^  C.) ;  witl| 
three  atmospberee,  of  273^  F.  (133*9^  C.) ;  with  ten  atmoaphereeSi  Qi 
336-5'"F*  (lb0*3^00;  with  twenty  atmospheres,  of  415*4^  F.  (213"  CM 
auJ  so  on«  I 

(j3,)  The  boiliDg  point  varies  with  the  purity  of  the  liquid : —        I 

A  sutuiatod  solution  of  sodic  carTjonale   boils  at  ICW-e*  C.  or  220*2®  F,  I 

„                „  „  Bodic  chloride            „  108-4°  C.  or  227*0^  F,  | 

I                     „                ,,  ,,  potttsaic  nitrate          ,,  llS-Q"*  C.  or  240-S'' F.  I 

,»  „  »odic  nitmte               „  121*0'' C.  or  249'8°  F. 

,,  ,,  potasBic  carbooiite     „  1330^'  C,  or  27 1 '4°  F.  I 

,,  ,,  calcic  chloride            „  179  o°  C.  or  Zbo'l""  F.  | 

(7.)  The  boiling  point  depends  on  the  depth  of  the  bulk  heated. 
column  32  feet  deep  woyld  not  complettltf  boil — that  is,  give  off  vapor 
from  the  bottom  of  the  vessel — at  a  lower  temperature  liiaa  249*8° 
(121^0,) 

(5.)  The  boiling  point  varies  with  the  vessel  in  which  the  water 
boiled.     Tlie  adhesion  of  water  for  glass  is  greater  than  the  adhesi' 
of  water  for  metal.     This  adhesion  must  be  overcome  ;  and  hence, 
the  case  of  very  clean  glasa,  the  adhesion  between  the  glass  aad  the 
water  particles  may  raise  the  boiling  point  1  or  2  degrees. 

(t.)  In  boilings  the  cohesion  of  the  particles  of  water  for  one 
another  has  also  to  be  overcome  by  heat.  The  presence  of  gases  in 
solution  lowers  the  boiling  point  by  destroying  this  attractiou  of  th« 
water  particles,  and,  conversely,  the  absence  of  dissolved  gaaes 
heightens  the  boiling  point. 

VI.  The  lafmt  heat  0/ steam  is  said  to  be  997^  F.,  or  537**  0.  (1* 
537  thermal  units),   that  is^  the  boat  required  to  boil  away  1  lb, 
water  at  212^  F.  (160^' 0.),  will  raise  5-371b8.   of  water  from  32° 
212**  F.  (=^180  degrees  F.),  [or  from  0°  to  100°  C.  (=;100  degreesC.)] 
or  if  the  steam  from  1  lb.  of  water  be  conveyed  into  5*37  lbs.  of 
at  32°  F.  (0^  C),  it  will  raise  it  to  212^'  R  (100°  C). 

(180    X    5-37   =  996-66,  or  100    x    6*37  =  537> 

YII.  If  a  drop  of  water  be  placed  on  a  red  hot  platinum 
assumes  what  is  called  the  spheroidal  condition  ;  that  ia,  the  sphi 
rests  on  a  cushion  of  its  own  vapor,  which,  being  a  bad  conductor  of 
heat,  prevents  the  spheroid  of  water  boiling.  The  temperature  of 
the  Ppheroid  has  been  ascertained  to  be  about  194*^  F.  (90^^  C),  aad 
the  6|>ace  between  the  spheroid  and  the  dish  to  be  about  0-15  to 
0*25  mm. 

YIIL  On  subjecting  water  to  the  action  of  iutenae  cold,  it  gra- 
dually contracts  to  '^9-2"^'  F,  (4^^  C).  This  temperature  is  what  a 
called  *'  thi^  maximmn  dttuiiy  of  water, ^^  [We  should  note  that  tk# 
presence  of  soluble  salts  lowers  the  maximum  density,  so  that  in 
water  it  is  below  32^  F,  (0^  C.j]     At  this  poi 
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k  given  bulk  of  water  weiglis  more  than  at  any  other  temperature. 
iHance  1  c.c,  of  water,  at  39  2^  F.,  or  4^  0.,  is  takea  as  repre&eating 
la  gramme  weight.     Below  39*2°  F.  (4°  C)  water  expands  rapidly,  so  J 
I  that  ice  floats  on  water,  owing  to  its  less  specLdc  gravity.     (1  volume  i 
of  water  at  0°  G,  becomes  1*09082  volume  of  ice).     Thus  water-pipes 
break,  rocks  disintegrate,  and  rivers  and  lakea  freeze   only  on   the 
surface^  the  ice  easily   melting  as   the  warm  weather    returns.     At 
39-2°  F.  {4^  0.)  convection  In  (k^.,  the  circulation  of)  rivers  and  lakes 
» eeases. 

When  water  is  heated  from  39  2°  F,  (4°  C)  it  expands ;  1  volume 
of  water  at  39^2^  F.  (4^  C),  becoming  1-04312  volumes  at  212''F. 
(100°  C). 

W©  may  here  note  that  aqueous  vapour  is  very  opaque  to  heat- 
Thus  the  moisture  of  the  air  prevents  radiation  from  the  earth.  j 
Water  is  a  simple  refractor  of  light,  its  refracting  power  increasiD j^ 
S8  it  is  cooled,  this  increase  of  refraction  not  being  interfered  with  by 
its  exjmnsion  below  39*2'^  F.  (4^  C  ).  (Arago  and  Fresnel.) 

Water  as  a  neutral  solvent  is  unsurpassed.     Solution  is  generally 
purely  physical  act,  neither  heat  nor  change  of  property  resulting. 
The  act  of  liquefaction  (ne.,  the  passage  from  a  scdid  to  a  liquid)  is 
[usually  accompanied  by  cold  (i,^.,  tlio  abs<3ri>tion  of  heat). 

I.   Solnhilitif  of  solids  in  water. — The  rapidity/  with  which  a  solid  dis- 
solves depends — (1)   on   whether   the    solid   be   in   lump,  or  finely 
^^powdered;  and  (2)^  on  the  motion  impuxted  to  the  mixture.     In  the 
^mj^rgi  case,  powdering  the  body  increases  the  surface  upon  which  the 
f      water  acts ;  and  in  the  second,  motion  removes  the  saturated  solution 
^^  surrounding  the  solid,  thus  bringing  fresh  and  unsaturated  portions 
^m  of  the  solvent  into  contact  with  the  mate ri ah     K  such  motion  be  not 
^F  imparted  to  the  menstruum  during  the  period  of  action,  solution  is 
^T  tiloyf  and  only  proceeds  by  **  liquid  diju^non^^  (a  process  analogous  to, 
*'  gaatcQitg  diffusion  "),  i.  e,y  the  passage  of  a  nolutiafi  of  one  mil  into  a  solutitmm 
^K  of  a  second  salt  contrary  to  gravity.     This  diffusive  power  varies  witkl 
^1  different  bodies.     It  is  rapid  with  potassic  chloride,  and  with  mosli 
^m  crystalline  bodies,  but  slow  with  gelatine  and  with  most  jelly-lika 
^^  bodies.     Bodies  that  diffuse  rapidly  are  called   *^  cryitalloids"   and 
bodies  that  diffuse  slowly  or  not  at  all,  **  lolhids.^*     This  diffusion  of 
certain  bodies  and  non-diffusion  of  others  takes  place  equally  well 
if  a  membrane  separates  the  two  liquids  (Dialysis),  the  rapidity  with 
which  one  liquid  passes  through  the  membrane  into  the  second^  in  no 
way  necessarily  representing  the  rate  at  which  the  secoad  passea 
^^  through  and  into  the  first, 

^m  In  describing  the  solubility  of  solids,  it  is  usual  to  state  the  number 
^"  of  parts  of  anhydrous  salt  taken  up  by  100  parts  of  water  at  a  givea 
^      temperature* 

^^  Ordinarily  the  solubility  of  a  body  increases,  as  the  temperature 
^■increases.     If  a  boiling  solution  of  a  bait  be  allowed  to  cool,  cxgo^td 


102 


HANDBOOK   OF    MODERN   CHEMISTRY. 


to  tfie  Q\}\  a  certain  portion  of  the  salt  crystallizes  out  and  the  A^A 
Bolution,  at  normal  temperatures,  is  termed  '*  a  saturated  sohtion,^ 
I.  e,f  a  eolution  which  at  that  temperature  can  dissolYe  no  more  of  thJ 
salt ;  hut  if  it  be  allowed  to  cool  out  of  contact  with  air,  a  larger  quaai 
tity  of  the  salt  is  then  held  in  eolation^  and  this  is  termed  ''  a  «up€f4 
saturated  galution"  from  which,  however,  the  excess  of  solid  mattei 
may  often  he  separated  by  slight  physical  disturbances,  such  ar 
motion,  dust,  or  dropping  into  the  solution  a  minute  fragment  of  the 
salt. 

A  saturated  solution  of  one  salt  will  often  dissolYe  an  appreciabla 
amount  of  a  second  salt  I 

The  inftutnce  of  kmperature  on  iolubilitj/  is  not  constant. 

(L)  The  solubility,  for  instance,  of  jtotassk  thlvride  is  directly  as 
the  temperature,  but  the  solubility  of  potoBsic  chlorate  increases  far 
more  rapidly  than  the  temperature. 

(2.)  The  solubility  of  some  bodies,  such  as  sodk  chloride^  is  the  same 
at  all  temperatures. 

(3.)  The  solubility,  in  some  cases,  decreases  as  the  water  is  heated. 
Thus  limej  is  twice  as  soluble  in  water  at  82^  F.   (D^C.)  as  it  is  in 
water  at  212'^  F.  (100°  C).      One  part  of  strontic  sulphate  requi 
7,000  parts  of  water  at  57*2^  R  (14^0.)  and  9600  parts  at  212' 
(100''^  CO  for  complete  solution. 

(4.)  Occasionally  the  maximum  solubility  of  substances  is  at  a  tem- 
perature a  little  above  the  common  temperature,  and  decreases  if  the 
temperature  be  raised.     Thus  at  32*^  F.  (0^  C.)  I  part  of  ralci**  9ulpha\ 
is  soluble  in  488  parts  of  water,  but  at  95°  F.  (35*^0.)  1  part  is  solubl 
in  393  of  water.     This  is  the  point  of  maximum  solubility  of  cal« 
sulphate  in  water,  and  from  this  point  its  solubility  decreases,  for, 
212*='F.  (100^  Co  1  part  requires  4G0  of  water  for  solution. 

Water,  when  ^*  nuper-htatedf^^  Le.f  heated  under  pressure,  poeaeesoi 
greatly  increased  solvent  powers.  Thus,  at  300°  F.  (149^"*  0.)  water 
dissolves  glass.  Possibly  the  solution  of  silica  in  the  Geyser  springs, 
may  be  accounted  for  by  the  action  of  water,  superheated  hy  intern^ 
preasure. 

II.  SoluhiUhf  of  liqtfida  in  water, — By  this  is  implied  the  misoibilii 
or  the  blending  of  liquids.     Water  mixes  with  altohoL     If  the  wat 
he  in  excess  the  water  is  regarded  as  the  solvent,  but  the  alcohol  if  it 
be  in  excess. 

m,  Sohfhilitf/  of  giue^,  —  All  gases  are   more  or  lesa  soluble 
water — i.^.,  are  more  or  less  absorbed  hj  water — but  all  gases  are  w 
equally  soluble. 

^]iB  *  coefficient  of  aoluhility*  or  *  absorption  coefficient j^  as  it  is  calledi 
is  the  volume  of  gas  absorbed  by  one  volume  of  water  at  59°  F 

The  following  table  exhibits  the  absorption  or  solution  of  varioi 


in 

1 

he 

i 


m 

it 

^ 

»-  F. 


WATER. 
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Ov  ttt  59^  F.  (B.P.  30). 


^^'  Kitrogen  , , 

Carbonic  oxide    *  * 

Hanih  gas  .. 

^^  Ulefiont  gad 
^^JCitnjua  oxide 
^^toarbo&ic  acid 

^Balpliitretted  liydrogtn 
^HgiilpbuToiia  acid  . . 
^^p  jdrocblono  acid 
^VAaimooia.. 


Vol,  diiaolved  by  on© 

Vol.  diwolved  by  oae 

voh  of  water  at  69°  F. 

YoL  of  water  at  32°  F. 

(16*  CO  and  30  B.P. 

(0*0,)  and  30  B.P. 

'0193 

*0193 

*0U8 

•0208 

•0243 

»0328 

'0299 

*0411 

•0391 

*0o4d 

•iei5 

•2663 

'7780 

1-3052 

I'OOOO 

1-7967 

2"  5680 

3*2326 

4^370d 

43'5640 

68-8610 

457*8000 

505^8O00 

782-7000 

1U8-000O 

[Note, — The  absorption  coefficient  ia  often  etated  as  the  volume  of 
I  f^aa  at  0°  C.  and  766  mm.  absorbed  by  1  c.c  of  liqmd  at  0^  C.  and 
766  mm,] 

The  solubility  of  a  gas  in  water  (and,  indeed,  in  all  other  aolvents) 
is  influenced  by  certain  circumstances, 

(K)  The  Umperaiure  of  ifi^  solvent. ^The  general  law  maybe  thus 
stated; — The  volume  of  gm  dissohed  increases  a-s  the  temperature  of  the 
solvent  decreases.     But  note — 

(a*)  In  the  case  of  hydrogen,  the  Bolubility  remains  the  same  for 
all  temperatures. 

03.)  The  law  is  only  true  so  long  as  the  solvent  remains  liquid^  for 
directly  the  liquid  freezes,  the  dissolved  gases  are  umalh/  liberated. 
But  exceptions  to  this  rule  are  found  in  the  case  of  condensible  gases, 
such  as  carbonic  anhydridep  and  in  the  case  of  those  gases  such  aa 
chlorine,  which  form  definite  chemical  compounds  with  water. 

When  the  solvent  is  boiled,  the  dissolved  gas  is,  as  a  rule,  entirely 
evolved.  In  the  case,  however,  of  those  gases  that  are  very  soluble 
(such  as  hydrochloric  acid  gas),  mere  boiling  never  effects  the  entire 
expulsion  of  the  gas.  The  solution  having  become  of  a  certain 
Btrength,  remains  constant,  evaporation  to  dryness  beiog  the  only 
means  of  effecting  the  complete  removal  of  the  remainder. 

(2.)   The  decree  of  pressure. — In  the  case  of  the  moderately  soluble,  but 

not  in  the  case  of  the  veiy  soluble  gases,  Dalton  and  Henry^s  law  holds 

good,  that  **  the  voluim  of  gas  absorbed^  varies  directly  ufith  the  pt^ssure,^* 

^VTith  a  pressure,  e.g.,  of  one  atmosphere,  one  volume  of  water  at  0°O» 

^■iaaolyea    MB   volumes  of  COg;   with  ^  atmosphere,  [-^  =  H*5d 

^■rolume^  with  2  atmospheres,  (M8x2=)2-36  volumes,  etc. 

^H    By  placing  a  solution  of  gas  in  a  vacuum,  its  almost  entire  removal 

^Bbx»m  the  solvent  may  be  effected.     It  may  be  noted^  moreover,  that  a 

similar  withdrawal  may  often  be  effected  by  exposing  the  solution  u£ 

one  gas  to  an  atmosphere  of  a  socond  gas. 


204 


nAXDBOOK   OF   MODSBN   CHSMISTELY. 
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W©  have  now  to  consider  the  action  of  solvents  on  a  mtTtun 
gaites. — Good  drinking  water  should  be  well  aerated,  uc^  ehoul 
contain  a  certain  quantity  of  dissolved  gas.  Every  gallon  of  Wi 
fikoiild  yield  7  to  8  cabic  inches  of  gaa,  or  about  4  cubic  inches  of 
nitrogen,  2  cubic  inches  of  oxygen,  and  1  cubic  inch  of  carbonic 
anhydride.  These  gases  are  dissolved  by  the  water  from  the  air. 
But  air  is  a  mixture  of  1  part  of  oxygen  to  4  parts  of  nitrogen  (exactii 
as  21  to  79),  whereas  the  dissolved  gas  is  in  the  proportion  of 
oxygen  to  2  of  nitrogen.  How  is  it,  then,  that  the  ratio  of  the 
dissolved  by  the  water,  is  not  the  same  as  that  in  which  they 
present  in  the  air  ? 

In  a  mixed  gas  the  solution  of  the  several  constituents  doea  not 
depend  on  the  general  pressure,  but  on  the  prtssnre  exerted  h^  each  gat 
*  per  se/  For  example,  to  take  a  simple  case :  If  we  act  with  water  on 
a  mixture  of  one  roltime  of  oxygen  and  three  volumes  of  nitrogen 
under  a  pressure  of  four  atmospheres,  we  shall  find  that  the  oxygen 
dissolved,  will  be  that  quantity  that  the  water  can  absorb  under  one 
atmosphere  {Lr,,  the  Jth  of  four  atmospheres);  and  the  nitrogen^ 
the  quantity  the  water  can  absorb  under  a  pressure  of  three  atmo- 
spheres (i.  e.f  |ths  of  four  atmospheres).  So  with  air,  Jth  of  which 
is  oxygen  and  |ths  nitrogen,  tho  pressure  of  the  whole  be; 
one  atmosphere.  The  quantity  of  each  gas  dissolved  will  be  fo 
by  multiplying  the  proportion  of  the  gas  in  the  mixture,  by 
co-efficient  of  solubility  ;  thus — 

0*0299  (coeffident  of  abaorption  of  oxygen)  Xi  (proportion  of  oxygen  in  ttir^^rO  00a9S 
0Q148  (    do.  do.         of  nitrogen)  X  H        <1^'     of  nitrogen  do.)=00US4 

0*01782 


uiuu 
9Lng 

11 


»  air 

Thi^ 

ate^H 

mA^H 


Therefore,  of  every  0-01782  volumes  of  air  dissolved  by  water, 
0-00598  will  be  oxygen  and  0-01184  nitrogen;  that  is,  in  about  tho 
proportion  of  two  of  nitrogen  to  one  of  oxygen.  Thus,  the  air 
dissolved  by  water  is  richer  in  oxygen  than  the  atmosphere, 
oxygen  is  present  in  the  water,  not  only  for  the  support  of  wa' 
animal  life,  but  for  its  own  self- purification,  whereby  harm 
products  are  changed  into  harmless  products  by  oxidation, 
carbonic  acid,  too,  plays  its  part  in  rock  disintegration  and  in  soil- 
formation. 

Water  dissolves  t?i6  hahtd  elements,  and  is  slowly  deconipoeed  b 
them  with  the  evolution  of  oxygen  (H2O  +  0I^=2HClH-O).     On  fi 
cofnhwttibU  solids  (carbon,  etc.)  it  has  little  or  no  action  tinleoe  it 
heated,   when   it   is   decomposed   (C  +  HgO^CO-hH^).      On 
nitrogen,   and   hydrogen ,    its   action    is   simply   solution.      The 
are  attacked   dilferently   by  it.       (a.)  Some^   as   (he   alkaline   meii 
detM>mpose   it  at  ordinary  temperatures;    (fi)  otherSp  aa   magn 
decompose  it  if  tho  water  bo  builiug ;  (y)  others,  as 


VATER, 


2QB 


wliilst   (3)    gold  and 
in  order  to  effect  its 


iecompoBe  it  when  the  metala  are  red  hot; 
^latinwn  require  to  be  raiaed  to  a  white  heat 
decompoBidon* 

{ y.)  Cltemical, — "Water  is  without  action  either  on  litmna  or  turmeric, 
lemicaUy,  it  is  an  indiilertmt  oxide.    It  unites  with  bodies  in  several 
rays  to  form  hydrates.     Thus — 
I  (i.)  It  unites  with  the  anhifdrideB  to  form  acklSf  heat  being  evolved 

^kt  the  time  of  coaibination  ( S0;^+  il^O^^lI^-SO^).  This  water  molecule 
^Hannot  be  afterwards  separated  h'otn  the  anhydride,  merely  hy  the 
^■Rction  of  heat.  Sulphuric  acid^  moreover,  has  a  greut  afEnity  for  water, 
'      and  hence  one  of  its  common  laboratory  uses, 

^^_    (2.)  It  unitej*  with  bases  to  form  hyi! rates,  heat  being  evolved  at  the 
^■ttmo  of  oombination.     In  some  cases  the  water  molecule  cannot  be 
^^rivon  off  by  heat  (^.^  ,  KHO),  whilst  in  other  cases  a  red  heat  will 
effect  its  expulsion  («.^»,  CanoOo=CaOH-HX>). 

(3.)  It  unitts  With  Certain  hoditm  as  water   of  vrystulUzation^  i,e,^  water 

^—joonnected  with  the   shape   and   color   of   the   crystal.      This  water 

^pif  erystallization    may   be   expelled  at   a    temperature    of    212'^F. 

I      (lOO'^C.)i  certain  changes  resulting.     Thus,  if  blue  mlphate  of  copper 

(Cu804,6H20)  be  heated  to  212'^ F.  (100'=' C),  it  loses  four  of  its  water 

I      molecules^  becoming  CuSO^tHaO,  whilst  at  the  same  time  it  loses  both 

fihape  and  color.      8o    again   the  pink  hydratod  chloride  of  cobalt 

{C5oCl^-f6aq)  forma  when  heated  the  blue  anhydrous  chloride  (CoCl,/), 

which  again  becomes  hydrous  and  pink  on  exposure  to  air  (sympathetic 

ink).     Similar  changes  of  color  are  well  marked  in  the  magnesic- 

i      plutino-eyanide,  which  is  green,  red,  yellow,  or  white,  act'ording  to  the 

^^quantity  of  water  of  crystallization  it  contains.     8ome  salts  (as  e.g., 

^B^aCl)  contain  no  water  of  crystallization,  w^hilst  in  many  others  (hs 

^Hf.  ^.,  sodic  sulphate,  borax,  etc.),  tlie  number  of  water  molecules  may 

^'be  made  to  vary,  different  crystalline  shapes  resulting. 

In  some  cases  (as  e,g.f  sodic  carbonate),  bodies  part  with  their 
water  of  crysttdlization  at  ordinary  temperatures  {fjffioreftce) ;  whilst  in 
many  others  (as  ^,y,,  potassic  carbonate)  they  take  in  more  water  on 
exposure,  and  raelt  {deliquesce).  Thus  calcic  chloride  is  used  in  the 
laboratory  as  a  desiccating  agent. 
I  (4.)  It  unites  in  c^tain  vukcs  as  water  of  constitution^  or  water  ofhalh^^ 

^mdrafion,  i.e.,  as  water  associiit-ed  with  the  chemictil  properties  of  bodies. 
^^Thus,  a  crystal  of  magnesic  sulphate  contains   7   molocules  of  water 
(MgS0^,7H«0).      If  this  be  heated  to  212°  F.  (10U°C.),  6  molecules  ' 
(water  of  cryetallization)  are  driven  off,  and  tho  suit   is  represented 
by  the  formula   MgSO.i.H,,0.      No  heat,   however,   short  of  410°F.  ' 
I      (210*^0.)  will  effect  the  removal  of  this  last  water  molecule,  and  when 
^glhe  salt  is  heated  to  this  temperature,  it  begins  to  decompose.     It  is 
^plear,  therefore,  that  this  last  water  molecule  is  bound  to  the  salt  by 
^^a  closer   attraction   than   the  other   six   molecules,    and   is   termed 
1^'*  wutsr  of  camtititdon/^ 
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This  constihitional*  molecule  of  water  may  often  be  replaced  bjr 
another  salt,  whereby  a  double  salt  is  formed.     Thus,  MgSO^,ltjQ 
-h6HoO  may  be  made  to  form  MgSO^^KoSOi-f  GHoO,  where 
replaces  the  molecule  of  constitutional  water. 

In  order  to  express  these  two  forms  of  water  in  a  salt,  the  water 
constitution  is  often  written  iu  chemical  symbol,  and  the  water  of 
crystallization  as  ag  (aqua),  thus,  MgS04H5^0^-6aq, 

(5.)  Water  may  possibly  exist  in  many  organic  bodies,   such  aa 
augar,  starchy  gum,  etc,,  in  a  molooular  form. 


■ 

3d  by 
rater  0^1 


Varieties  of  Water. 
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I.  Cammon  Water-^<»0  ^«»  Water. — This  is  the  purest  form  of 
water ;  but  even  in  the  country^  and  much  more  in  towns  in  thdB 
neighbourbood  of  factories^  it  is  always  more  or  less  contaminate^B 
with  the  various  impurities  present  in  the  air.  The  rain  always  eon- 
tains  more  or  less  sodic  ch!oridO|  organic  matter,  ammonia,  nitric 
acid,  etc.  If  rain  water  has  been  allowed  to  come  into  contact  with 
lead,  it  is  certain  to  dissolve  a  small  qiiantity  of  the  metal. 

The  rain  collected  after  a  long  continuance  of  wet,  is  the  nearest 
approach  we  know  of  to  pure  natural  water, 

{b,}  Spring  and  Well  Water, — The  total  solids  present  in  these  ma; 
vary  from  6  to  200  grains  per  gallon,  their  quantity  and  charac 
being  largely  dependent  on  the  chemical  nature  of  the  soil  ihrou, 
which  the  water  percolates.      Calcic  and  magnesic  carbonates  and 
sulphate 9,  with  sodic  chloride,  are  the  salts  most  commonly  present. 

The  presence  of  nitrites  or  an  excess  of  nitrates  and  Moride^^  fre- 
quently found  in  the  shallow  well  waters  of  towns,  usually  indicate 
sewage  pollution,  the  two  first  being  the  oxidized  producte  of  animal 
nitrogen ized  substances  (ammonia  and  albuminoid  bodies),  and  the 
last  being  derived  from  the  common  salt  used  as  food. 

Sodic  carbonate  is  commonly  found  in  those  well  waters  (aa  in  the 
deep  wells  of  London)  that  have  peicolated  through  a  bed  of  chalk. 
The  organic  matter  in  the  water  of  wells  and  springs  is  usually  very 
emalL     Carbonic  acid  is  the  chief  and  very  often  the  only  gas  present 
in  such  waters.    Its  origin  is,  probably,  either  the  subterranean  de*^ 
composition  of  carbonates,  or  the  oxidation  of  the  carbon  of  organ; 
matter.     It   serves  to   hold   the   earthy  carbonates   in  solution, 
spring- water  will  often  exhibit  a  slight  turbidity  after  standing,  d 
to  the  carbonic  acid  escaping  by  the  exposure  of  the  water  to  air; 
and  the  consequent  precipitation  of  a  part,  and  often  as  much  &s  on^ 
third,  of  the  total  calcic  or  magnesic  carbonate. 

The  temperature  of  spring-water  varies  from  ice-cold  to   167*^  F. 
(75"^  C),  as  in  the  case  of  some  of  the  Carlsbad  springs.     The  d 
springs  are  usually  the  hottest. 

(c.)  Lake  and  Marsh  Water  usually  contain  mi 
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atter.     Lake  water  is  of  excessively  variable  composition,  being 
imetimes  very  pure  (as  e.g.^  Loch  Katrine),  but  at  other  times  loaded 
with  saline  matter. 

(d,)  Rivtr  W<it(f\ — Its  composition  depends  much  on  the  nature  of 
e  soQ  through  which  the  river  passes,  and  also  on  the  extent  of 
otion,  the  natiire  of  the  bed  of  the  river,  and  the  exposure  the  water 
ndergoes.  Eiver  water  may  be  regarded  as  a  mixture  of  rain,  spring', 
and  lake  water.    It  difFers  from  spring  water  generally,  by  being  less 
clear  (spring  water  undergoing  natural  filtratioD),  and  less   sparkling 
(the  carbonic  acid  present  being  in  smaller  qimutity),  and  usually 
contaiuing  less  solid  matter.     The  organic  matter  present  is  derived 
from  surface  drainage  and  sewage;   but  this,  after  a  sufficient  run, 
if  well  diluted,  is  in  a  great  measure  got  rid  of,  owing  to  the  self- 
purifying  action  of  the  river. 
I  II,  Mineral  Waters,  '»  *.|  a  spring  water  containing  some  medici- 

^kaal  ingredient  The  names  given  to  mineral  waters  depend  on  the 
^^mredominating  ingredient  present ;  thiis^ 

^K  {a.)  Acidulous  Wuters^  &om  carbonic  acid,  which  may  be  present  in 
^^  quao titles  varying  from  30  to  200  cubic  inches  per  gallon  (Seltzeri 
^^ Ilkeston,  Spa,  Pyrmont,  etc), 

^m     (A,)  Apcfient  Saline  Waters,  from  the  presence  of  sulphates : —  i 

^"      (I.)  Magnesic  sulphate  (Epsom,  Leamington,  etc.).  I 

(2.)  Sodic  sulphate  (ChGltenham,  Scarborough,  etc.),  ' 

{c.)  Calcareous  WatttSt  from  calcit;  sulphate,  or  from  calcic  carbon- 
^^ate  held  in  solution  by  carbonic  acid  (Matlook,  Bath,  Bristol^  etc.). 
^P  («?.)  Chalt/beate  Waterst  from  the  presence  of  carbonate  of  iron  held 
■  in  solution  by  free  carbonic  acid  (Pyrmont^  Timbridge,  etc.).  On 
I  exposure  to  air,  Fe^O^f  H^O  ia  precipitated  (SFeCOg  +  0  +  H^O  = 
fcre^Os,  HoO-h2CO.)' 

^™      {e,)  Bnne,  from  the  presence  of  sodic  chloride,  bromide,  and  iodide 
(Middle wich J  Shirley wich,  Droit wich,  etc  )* 

(/.)  Alkaline  Waters  J  from  the  presence  of  sodic  carbonate  and  bi- 
carbonate (Ems,  Vichy,  Malvern,  etc), 
L  (^0  SiUceom  WuierSj  from  the  presence  of  silica  (Geysers). 

^m  (h,)  Suljfhttreited  or  Hepatic  Wat^rtf  (Harrogate,  Aix-la-Chapelle, 
■etc.)* 

^m  (i,)  Snlpkuraus  Waters  (Springs  in  the  neighbourhood  of  volcanoes). 
^M     (j,)  Boranc  Waters  (Lagoons  of  Tuscany)* 

^1     III.  Sea* Water, — Sea-water  contains    a  large  quantity  of  iodic 
^Band  magnesic  chlorides,  to  which  its  bitter  saline  taste  is  due,  and  to 
^B|he  hygroscopic  character  of  which   salts,  the  non-drying  of  clothes 
^nretted  with  sea-water  is  to  be  attributed. 
^B     The  following  two  analyses  of  seu^water  may  be  quoted  i — 
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Briti&h  Channel 
(SebweUer). 

Mediterranean 
(Usiglio).          . 

Specific  GfHTity            

"Water 

Sodic  chloride 

Fotaiflie  chloride 

Hagneac  cMorido         

„       hromide          

,,       fiilphate 
Caldc  sulphate   . . 

„      carbonato . .         

Iodine 

Ammouifl 

Ferric  oxide 

1027-i  (at  16°  C.) 

963*74372 

28-05948 

0-76552 

3-60658 

1              0-02929 

2' 20578 

1-40662 

00:1301 

tmces. 

txacee. 

1025  8  (at  2V  C-) 

982*345 
29-421 

0-5O6 
3  210 
0-5515 
2-477 
I  Xa7 
0114 

0*003 

1000-000<>0 

1000*000          J 

,*.»#»^^^ 


The  sea  is  the  receptacle  for  tlie  solid  matters  discUar^ed  by  river 
and  dissolved  by  them  from  the  earth.     Their  abstraction  again  from" 
the  sea  and  their  return  to  the  soil  is  effected  bj  fish  and  niarino 
plants.  ^M 

IV.  Water  for  Drinking  Purposes.— It  is  important  to  dote^^ 

mine — 

(1.)  Its  hardiHss. — The  terms  **  hard  '*  and  **  soft,'*  refer  to  the  soap* 
destroy ing  power  of  a  water.  Soap  is  an  alhdine  sttarate.  The  ad* 
dition  to  it  of  lime  and  magnesia  decompose  it^  forming  a  calcic  €l^| 
magnetic  stearate.  Hence  the  reason  why  it  is  difficult  to  obtai^^ 
"  a  lather  "  with  hard  water,  {i\e,,  a  water  containing  lime  and  mag- 
nesian  salts),  viz.,  because  a  certain  quantity  of  the  eoap  is  re- 
quired to  decompose  the  calcic  and  magnesian  salts  before  a  lather 
can  be  obtained,  whilst,  conversely,  a  lather  is  at  once  formed  with  a 
soft  water,  because  of  the  absence  of  calcic  and  magnesic  salts.  Two 
kinds  of  hardness  are  usually  described — (a.)  Tempomry  hardoiU^ 
I.e.,  hardness  due  to  calcic  or  magnesic  carbonates.  These  salta  are 
almost  insoluble  in  pure  water,  but  are  freely  soluble  in  water  con 
taining  carbonic  acid  (possibly  as  bicarbonates).  On  boiling,  tl 
carbonic  acid  is  expelled  and  the  carbonates  are  precipitate,  Hend 
ttmporarf/  hardness  is  that  hardness  which  may  be  got  rid  of 
boiling  the  water,  (ft.)  Femianent  hardnesi^  L€.^  hardn^sg  dm  U>  calci 
and  magntsie  fttilphatei^,  etc.  This  is  not  got  rid  of  by  boiling.  By 
terms  *'  total "  or  **  tnitinl  hanlness  "  we  imply  both  the  temporary  i 
permanent  hardness  of  a  water. 

In  expressing  the  hardaess  of  a  water  in  degrees,  it  is  to  be  unds 
stood  that  every  degree,  theoretically,  represents  1  grain  of  calcic  i 
bonafe  or  its  equivalent  in  soap -destroying  power,  in  I  gallon  of  wat 

(2.)  Its  action  on  kad.^-^A  water  that  acts  freely  on  lead  is  not  1 

for  a  town  supply. 

(d»)  Pruehce  of  organi^mK^ttl^  which  if  of  animal  on£ 
_^* - t_i 
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Hydric  Peroxide  (n.O,)  j  g^ 


in. 


Molecular  weight  {provable),  36 ♦ 

Synonyms* — Ptroxide    of  Ili^drogen  ;    Hydric    Dioxide  /    Iltfdroxi/l  ; 
Jrjfgenattd  Wattr, 

History. — Discovered    by  Tbt^iiard   in    1818,    and   examiEod   by 
Brodio  and  hj  Bcliunbem  iu  18*50. 

Preparation* — (l)    Peroxide   of    barium    (prepared  by  heating 
j      caustic  baryta  (BaO)  in  a  current  of  oxygen)  is  first  mixed   into  a 
paate  with    water    (Bd(\,6H,/3    being    formed),   and  then  addmi  to 
dilute  hydrochloric  acid,  Burroundod  by  a  freezing  mixture* 

^       BaOg^E^O      + 
^^f       Hjdrnted  baric     -|- 

n 


'[ 


Hydrnted  baric 
peroxide 

I  gfia'.eon. 


2HC1      = 


% 


2Hni      ^       HA         +6n20+     Bade 
Hjdro<  hloric  =  Hydric  peroxide  +  Water  -fBarie  LLlorido. 

I  OH         +*^0H,-|-    BaCl,.] 

By  decomposing  the  BaCl^  with  dilute  sulphuric  acid,  HGl  will  be 
«et  free.  The  proceaa  then  may  be  repeated  until  the  liquidisofthe 
required  strength*  Finally,  the  hydrochloric  acid  may  be  removed  by 
argentic  aulphate,  and  the  sulphuric  acid  by  baiyta  water* 

(2.)  By  passing  carbonic  anhydride  through  a  mixture  of  water 
and  baric  peroxide — 


BaOo 


C0« 


+  H^O  =      BaCOa 


H.0«. 


Boric  peruxide-l-Oarboxuc  anhydride  +  Wattr  ^  Baric  carbonate  +  Hydric  peroxide. 


% 


[jgBa-'    +  COg  +  0H«=      COBao"     4-     { gJJJ 

(Similarly,  it  may  be  prepared  by  adding  BaO,,  to  dilute  hydroSuoric 
acid,  a  baric  fluoride  being  procipitaled  ;  or  by  adding  potassic  per- 
oxide  to  a  tartaric  acid  solution,  a  potasaic  tartrate  beiog  precipitated.) 

Properties. — (a-)  Sensible  and  phi/siologicaL  A  colorless  and  when 
concentratod  a  syrupy  Hquid,  haying  a  slight  chlorous  odor.  It 
whitens  the  akin.  It  has  a  powerfully  metalMc,  astringent  taste,  whiten- 
ing and  deadening  the  sensibility  of  the  tongue,  and  rendering  the 
saliva  thick  and  viscid. 

(/3  )  PhifsicaL  Specific  gravity,  l-4o3.  A  temperature  of  70°  F. 
(21*1°  C.)  effects  its  slow  decomposition,  which  becomes  violent  at 
212*^  F.  (100'^  C),  when  the  liquid  evolves  47»j  times  its  volume  of 
oxygen.  It  does  not  freeze  at  — 22''  F.  (  — 30*^  C).  It  mixes  with 
water  in  all  proportions, 

(y*)   ChemiraL  Its  reaction  is  neutral,  but  it  bleaches  litmus. 

In  contact  with  ozone,  water  is  produced,  and  common  oxygen  set 

free.     There  is  very  little  doubt  but  that  the  body  de$(^nbed  (page 

63),   as  antozone  is  simjdy  hydric  peroxide,   its  antagonistic  action 

to   ozone    being    at    once     apparent    by    the    fcdlowiag    equation, 

HJX  -f  O,  =  H.p  -f  20.J.      It   forms   water    when    acted  ou   with 

ascent    hydrogen   (lUX  +  Za-f  U^^O^=Zti80^  +  2TLO).     It   do^sl^ 
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decomposes,  ©volving  oxygen,  leaviDg  common  water,  (This  action 
is  retarded  by  tlie  presence  of  acids^  and  hastened  by  alkalies.)  Its 
decomposition  may  be  effected  by  powdered  metals,  such  as  gold, 
silver,  platinum,  etc,  the  metals  themselves  undergoing  no  ehange 
during  the  process  {see  Catalysis).  As  a  chemical  agent  it  has  both 
oxidizing  and  reducing  properties: — 

(L)   Oxidui'ng.   It  bleaches  litmus  and  indigo.     It  rapidly  change^^ 
selenium,    arsenicum,    etc.,   into   their   highest   oxides.     It    oonvert^H 
arseniona  and  sulphurous  acids  into  arsenic  and  sulphuric  acids;  sul- 
phide into  sulphate  of  lead  j  the  protoxides  of  iron,  cobalt,  calciunij^ 
etc.»  into  peroxides,  etc^,  etc.  ^M 

(2.)  deducing.  Mixed  with  the  protoxides  of  silver,  mercury,  gold, 
etc.,  it  not  only  loses  its  own  oxygen  but  effects  the  reduction  of  the 
oxide  (Ag20  +  2Hr.02^Ag,,  +  Il20  +  Ocj).  Similarly  it  reduces  the  per- 
oxides of  manganese,  lead,  etc.  (Mn02+HsO<2=MnO-|-HtO-|-0^), 
and  also  chromic  and  permanganic  acids  (2Cr03"h3H^O£=Cr.j05-f- 
0H^O-|-3O^),  it  heing  at  the  same  time  itself  reduced. 

It  18  to  be  noted  that  in  all  these  cases  the  action  is  retarded  by  the 
presence  of  an  acid,  and  aided  by  the  presence  of  a  free  alkali. 

Tests*^ — (1)  It  liberates  iodine  from  potassic  iodide.     (Hg05  +  2l 
=2KH04'T,.) 

(2.)  When  added  to  a  solution  of  guiacum  mixed  with  blood  cor- 
puscles, it  turns  it  of  a  blue  color.    {Schoubein.) 

(3.)  If  chromic  anhydride  (CrO^)  be  added  to  &  soJution  of  hydric 
peroxide,  an  unstable  perchromic  oxide  is  first  formed,  CrtO^  beinj 
the  ultimate  product.    This  compound  is  of  a  blue  color  and  is  solubl 
in   ether,  by   which   means  its  removal  from  the  solution  may  be 
effected.     This  constitutes  a  very  delicate  test  for  hydroxyl. 

Us^, — It  has  been  used  in  medicine  externally  as  a  lotion  and  in- 
ternally for  diabetes  and  oxaluria.  It  constitutes  the  golden  hair  dye 
of  the  shops,  the  dyeing  action  being  in  reality  a  bleaching  (oxidu&-^ 
ing)  action. 

CoMFouiTDs  OF  Hydrogeit  akd  thb  Haloid  Elsmszttb. 
Hydrochloric  Acid  (HCl)  (Anh^rous), 

Mohcular   weight,    36  5.      Mohcnlar  mlume,    |^|~)  ,      Eelatim 
18*25.     Specip  gnivitify  1*27. 

Synonyms. — Spirit  of  Salts;  Marine  add :  Muriatic  acid :  Chloridt 
of  Hydrogen  :   CMorhydnc  acid. 

History.— I^rohably  known  to  Geber  in  the  eighth  century.  The 
process  of  obtaining  it  from  sulphuric  acid  and  salt  was  first  described 
by  Glauber.  Priestley  (1772)  was  the  first  who  obtained  it  as  a  gaa. 
Its  real  nature  was  suspected  by  Scheele  (1774j,  but  it  was  beHered 
by  BerthoUet  and  others  to  be  an  element,  until  Davy  established  the 
truth  of  Sclieele's  suspicions,  ^j 

NRtursl  Hifitonr. — It  is  not  found  either  in  the  animal   or  1^1 


I 
I 
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vegetable  kingdom.  It  ie  found  in  the  gases  issmog  from  vol- 
canoes  and  in  the  springs  and  rivers  in  their  vicinity.  It  is  found 
in  the  air  over  the  sea,  and  in  the  neighbourhood  of  alkali  works,  eta 

Preparatioil. — (l  )  By  the  direct  combination  of  equal  volumes  of 
hydrogen  and  chlorine  by  heat,  light  or  electricity.  (Combination  of 
these  gases  does  not  take  place  in  the  dark  ;  in  diffuse  daylight  com- 
bination is  slow,  whilst  in  sunlight  the  action  ia  often  accompanied  by 
explosion.) 

(2.)  By  burning  hydrogen  in  chlorine. 

(3,)  By  the  action  of  dilute  sulphuric  acid  on  chlorides. 

(aO  Prepared  by  this  method  in  the  laboratory  in  glasa  retorts  at  a 
taw  tempfratur€f  the  reaction  is  as  follows  :■ — 

Hs80^      H-      NaCl        =         NaHSO^  +         Ha. 

Sulpliurio  Bcid  -f  Sodtc  rlilonde  ^  Hydric  Bodic  Bulphato  -{-  Hydrocblom  ttixui. 
[S^^tHos    +      NaCl        =         SO^HoNao       +         HCl.] 

(/J,)  Prepared  commerciaUy  in  iron  retorts  ai  a  h'gh  temperature,  th» 
following  reaction  occurs  : — 

HeSO^       +       2Naa      =      Na^SO^      +         2HCL 
Sulphuno  acid  -f  Sodic  chloride  ^  Sudic  Bulphato  4^  Hjdrocblorlc  acid, 
[SO^Hoj     +      2Naa      =      SOgNao^    +        2nCl 

(4.)  By  passing  steam  and  chlorine  through  a  red  hot  porcelain 
tub©  (2nsO  +  2Cl2=4H01  +  OsO 

Properties* — (<*•)  Sensible  and  ph^stohgtcai. — A  colorless,  pungent 
smelling  gas,  having  a  strong  acid  taste.  It  is  poisonous  to  animal 
life,  and  very  destructive  to  vegetation,  even  whendOuted  with  25,000 
parts  of  air. 

(b.)  PVica/.—Bpecific  gravity  1*27 ;  100  cub.  in,  (at  60^  F.  and  30 
Bar*  Pr.)  weigh  39 '23  grains,  and  1  litre  (0°  0-  and  760  mm.J  1'6352 
grm.  At  a  pressure  of  forty  atmospheres  at  50°  F,  (10°  C)  it  forms  a 
colorlesa  liquid,  having  a  specific  gravity  of  1*27,  leas  refracting  than 
water,  a  solvent  of  bitumen,  and  with  a  very  feeble  action  on  litmus. 

It  has  never  been  frozen. 

The  gas  may  be  decomposed  by  electricity. 

(c.)  ChemtcaL  Hydrochloric  acid  gas  reddens  litmus.  It  neither 
supports  the  combustion  of  a  taper  nor  is  itself  combustible.  Sodium 
ftnd  potassium  burn  in  it.  It  acts  oo  the  metals,  ovohing  hydrogen. 
It  fumes  in  the  air  owing  to  its  affinity  for  water,  which  absorbs  from 
480  to  500  times  its  bulk.  The  Iir|uefied  hydrochloric  acid  (anhydrous) 
diflsolvee  solid  litmus  without  reddening  it,  and,  unlike  the  solution  of 
the  gas,  is  without  action  on  iron^  zinc,  Ume,  etc.,  or  even  on  the  car* 
bonates. 

Hydrochloric  Acid  (Solution), 

FreparatiOB. — By  dissolving  the  gas  in  water. 
Properties. — W)  Ph^jmcaL      The  liquid  is  colorless  if  pure,  but 
more  olten  it  is  slightly  yellow.    It  fumes  in  the  air.     A  »^\\v\.\QTi 
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containing  more  than  20  per  cent  of  the  acid|  ©vo1t©8  when  heiiM 
hydrochloric  acid  gaa ;  but  if  it  contains  less  than  20  per  cent,  it  thi 
merely  gives  off  water.     A  20  per  cent,  acid  distils  unchangtjd. 
electrolysis  it  may  be  split  up  into  its  constituent  gases. 

Its  specific  gravity  varies  with  its  strength*  (See  Table  HI, 
Appendbt.) 

{l3')  CliemicaL     A  weak  solution  of  the  acid  turns  blue  litmus   i 
Its  action  on  the  metals  varies;  some  metals  are  freely  dissolved 
the  cold  acid  with  the  evolution  of  hydrogen  (K^  Na,  Ba,  Fe,  Zn»  etc 
—others  are  only  acted  on  by  tlie  boiling  acid  (Sn,  On) ; — others 
only  slightly  acted  upon  (Sb,  Pb,  Ag,  Bi,  etc.).  whilst  some  are  per 
fectly  unaifeeted,  either  by  the  cold  or  by  the  boiling  acid  ( Au,  Pt,  etc 
If,  however,  free  chlorine  be  present  in  the  acid  solution,  both  gol 
and  platinum  are  rapidly  dissolved  by  it     On  the  metallic  omit-9 
commonly  forms  water  and  a  chloride  of  the  metal  correexKmdiug 
the  oxide  acted    upon    (FejOa  +  GHCl— FeXl^  +  aKp),   or   if   su 
compound  does  not  exist,  to  one  containing  less  chlorine  than  its  equi- 
valent oxygen  ( PbO.-f  4HCl=rhCl^  +  lU^Q  +  Cy. 

iMruEirrES,  " 

(1.)  S^flphurmts  acid^  derived  from  the  deoxidation  of  the  sulphuric 
acid  either  by  the  organic  matter  of  the  ealt,  or  by  the  metal  of  the 
atill. 

TeBt.^HhB  evolution  of  sulphuretted  hydrogen  when  zinc  is  added 
to  the  pure  acid. 

(2.)  SvlphuHc  tif'id,  which  may  be  known  by  a  soluble  baryta  sail 
producing  a  white  precipitate  of  BaSCV 

(3.)  Free  cMmine^  which  imparts  a  greenish  yellow  tint  to  the  acii 
solution,  may  be  known  by  its  odor,  and  by  the  solution  dissolving  a 
little  piece  of  gold  loaf. 

(4,)  Iodine  and  l/romine  are  sometimes  present,  derived  from  impu: 
ties  in  the  common  salt. 

(5.)  Arsiniotis  chloride,  derived  from  the  sulphuric  acid,   may 
known  by  the  acid   giving  a   yellow   preuipitate  with  suJph 
hydrogen. 

(6.)  Stannie  vldoridt  (racntioned  by  G-melin)  will  be  thrown  down 
a  j'ellow  preeipitate,  gradually  becoming  brown  on  passing  sulphurei 
hydrogen  through  the  acid. 

(7.)  Flumhir  rhloritle  (Vogelj   may  be  present,    derived  from 
lead  in  the  sulphuric  acid,  as  well  as  possibly  Irom  other  sources* 

(8.)  Fetric  rhhridt'    (Rose  and  Graham)    may   be   recognised    h 
neutralising   the  acid  with  sodic  carVmate  and  afterwards 
tincture  of  gulls  or  potassic  ferrocyauide.     With  the  former  a  violet, 
and  with  the  latter  a  blue  precipitate  will  be  obtained. 

(9.)  Other  aalts  may  be  recognised   by    evaporating   the   add  t^    ^ 
L  fJrj'ne^f  and  examining  the  residue.  ^M 


HTDBOBROMIO  AOIB.  2 1^' 

(10.)  Organic  matter.  This  is  often  the  cause  of  the  dark  color 
of  the  acid.  It  may  be  known  by  evaporating  the  acid  to  dryness, 
and  noting  whether  the  residue  becomes  charred  by  the  continued 
application  of  heat. 

Pbeparation  op  Pubb  Hydbochlobio  Acid. 

It  will  at  aU  times  be  found  easier  to  make  a  pure  acid  than  to 
purify  a  bad  one.  The  following  method  is  recommended  : — ^Dilute 
one  part  of  good  sulphuric  acid  with  six  parts  of  water,  and  pass  a 
stream  of  well  washed  sulphuretted  hydrogen  through  it  for  some 
houra  After  allowing  it  to  stand  undisturbed  for  five  or  six  days, 
so  that  any  precipitate  may  settle,  syphon  off  the  supernatant  acid, 
and  having  added  a  teaspoonful  of  common  salt,  concentrate  by  heat 
to  the  original  bulk. 

Fill  a  large  retort  half  full  of  good  salt,  and  add  to  it  the  sulphuric 
acid  thus  prepared.  The  retort  should  have  fitted  to  it  a  glass  tube, 
of  such  a  length  and  shape  that  it  may  pass  into  a  pint  bottle  half 
full  of  distilled  water,  the  end  of  the  tube  dipping  about  ^  of  an  inch 
under  the  water.  The  bottle  is  to  be  fitted  with  a  second  tube,  con- 
nected with  a  second  bottle  of  water,  so  that  any  acid  rapors  that 
escape  from  the  water  of  the  first  bottle  may  be  absorbed  by  the 
water  of  the  second.  The  acid  thus  obtained  will  generally  be  found 
pure,  but  should  be  carefully  tested  before  using,  both  by  passing^ 
sulphuretted  hydrogen  through  it,  as  well  as  by  boiling  with  copper, 
the  purity  of  which  has  been  already  proved  by  analysis. 

Characters  of  pure  hydrochloric  acid : — 

( 1 .)  The  absence  of  color  (freedom  irom  organic  matter). 

(2.)  The  absence  of  residue  on  evaporation  to  dryness  (freedom 
from  metallic  salts,  etc.). 

(3.)  No  precipitate  on  the  addition  of  an  excess  of  ammonia  (free- 
dom from  iron). 

(4.)  No  precipitate  with  sulphuretted  hydrogen  (freedom  &om 
arsenic,  sulphurous  acid). 

(5.)  No  precipitate  in  a  dilute  solution  with  baric  chloride  (freedom 
from  sulphuric  acid). 

Hydrobromic  Acid  (HBr)  {Anhydrous). 

Molecular  weight,  ^\,     Relative  weight,  AO'b,     Molecular  volume^  III* 

Specific  gravity,  2*75. 

Synonym* — Hydric  Bromide, 

EQstory- — Discovered  by  Balard  in  1826. 

Preparation* — By  the  direct  union  of  hydrogen  and  bromine 
Taper  : — 

(1.)  By  burning  hydrogen  in  a  mixture  of  air  and  bromine  vapor. 
Also  by  combining  hydrogen  and  bromine  vapor  by  meauA  oi  ^V^Xaris^ 
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ftparts^  or  by  the  cuBtact  of  heated  platinum,  or  by  passage 

a  red  hot  tube  (Hs  +  Br,  =  2HBr). 

(2.)  By  heating  potasslo  or  sodic  bromide- with  pLospboric  acid,     m 
fN.B. — If  sulpburic  acid  b©  used  inetead  of  pbospb one  acid  the  liberated  bj-dn^- 

bromic  acid  both  decompoaea  and  ia  decomposed  by  the  eulpburic  acid,  aulpbuioii*  acid 

and  bromine  b*mg  lib^ated  {'2HBr  +  H^SO^  =  Br,  +  80,^  +  2HjO)].  J 


SKBr 


H3P0*      =        K,FO^ 


3HBr- 


PotaMio  bromide  +  Pbospboric  acid  ^  PotasBic  phasphate  4-  Hjdrobrnmic  acid. 

[SKBr         +      POHO3      --         FOK03        -h         3HBr.] 
(3.)  By  distill iug  together  bromine  water  and  phosphorus,      (la 
this  rea<?tion  a  phosphorous  tribromide  (PBr^)  is  first  formed). 
BHjO   +    3Br«    +        Pj        =  6HBr         -f     2(HgPH03). 

WAter  +  Bromine  +  Pbosphonifl  ^  Iljdrobromic  acid  -h  Pbospboroua  acid, 
L60H^+    3Brg    +        P^        =  6HBr         -}-     2POHH0J. 

A  solution  of  the  gas  may  be  prepaied— 
(4.)  By  passing  sulphuretted  hydrogen  through  bromine  water — 

2H5B  +     2Br2      =  4HBr  +       8,, 

Sulpbiiretted  bydrogon.     -)-     Bromine    ^s    Hjdrobromic  acid     +     Sulphur. 
[2SH^.  -f     2Br2       =  4HBr  +        S^]. 

Properties*'- (a-)  Semibh  and  Fhi^siologkaL  Hydrobromic  acid  is 
a  colorless  gas,  having  a  pungent  odor  and  an  acrid  acid  taste.  It  is 
irrespirable,  producing,  even  when  very  dilute,  intense  pulmonic 
irritation. 

(/3.)  Fht^BtcaL  Specific  gravity  2*75.  It  is  not  decomposed  by  heat. 
It  may  be  condensed  at  ^92*2°  F.  {  —  69*^  C.)  to  a  liquid,  and  at  a 
still  lower  temperature  to  a  solid.  It  is  freely  soluble  in  water  («« 
helow). 

(y.)  ChemicaL  It  reddens  litmus.  It  neither  bnms  nor  supports 
combustion.  It  fumes  in  the  air  with  the  liberation  of  a  trace  of 
bromine.  Most  metals  are  acted  upon  by  it; — thus  potassitim 
instantly  decomposes  it  with  the  liberation  of  hydrogen.  Like  hydro- 
chloric acid  it  is  decomposed  by  metallic  peroxides,  and  by  high 
oxygen  acids.  It  is  also  decomposed  by  chlorine  (2HBr  -|-  Cl^  — 
2HCI  +  Br^). 


■ 
I 


Hydrobromic  Acid  (nBr(H,0)0  (Sohtim) 

This  is  a  solution  of  the  gaa  in  water.  The  strongest  solution 
HBr^SHjiO  (containing  48"  17  of  HBr)  has  a  specific  gravity  of  1-49, 
and  boils  at  258*8"^  R  (126°  C),  It  may  be  distilled  without  cbangs. 
It  fumes  when  exposed  to  the  air. 

Hydriodic  Acid  (HI)  (Anh^droui). 

Mokcular  weight t  1^^,     Helative  weighty  64,     Specific  gravity  i' 4^    M^ 

cular  volume 

yHOHyMt — fff/ffric  Iodide, 
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History .^ — ^Discovered  by  Guy  Lussac  and  Davy  ia  1814. 

i     Preparation. — (N,B. — Compare  the  aimilarity  in  the  preparation  of 
hydriodie  and  hydrobromic  acids.) 
( L)  By  the  direct  union  of  hydrogen  and  iodioe  vapor  by  their  passage 
over  spongy  platinum,  or  through  a  red  hot  tube  (H^-f  Ig=2HI). 
(2.)  By  heatiDg  together  potaasic  iodide  (or  any  other  iodide)  and 
phosphoric  acid : — 
*  3KI         +       H3PO4       =         3HI         +         K3PO4. 

PotAftric  iodide  -h  Phoaphorio  acid  ^=  Hjdiiodic  acid  +  Potaaadc  pboapbflte. 
I  [SKI  +        POH03       ^  3III  -h  POKO3. 

(3.)  By  distilling  together  iodine,  Ts^ater  and  phosphorua.     (In  thit 
^^  reaction  a  phosphorous  triiodide  (PI3)  is  first  formed)  r-* 

■  6HeO+    3I«    -h       Pfi         ^         6KI         +       ^lU^^FOj, 
^H  W&iET  +  lodind  -f-  FhoeplioriM  ==  Hydiiodic  scid  -j-  PhoAphorous  acid. 

■  [60H«4-    3lg    H-       Pj         =         6HI         +     2pOHHog,] 
(4.)  By  heating  a  mixture  of  phosphorus,  iodine,  potaesic  iodide 

and  water.     This  reaction  occurs  in  two  stages  :- — 
(rt  )  Phosphoric  acid  and  hydriodie  acid  are  formed — 


SH^Onh   51^     + 


P.       - 


lOHI 


+      2H,P0^. 


Wat*!r  +  lodino  +  Phosphorus  ^  Hydiiodio  acid  -^  Phoephoric  acid. 
[80H«+    5lg      +  P«        =        lOHI         +       2POH03.] 

(ft.)  The  potaasic  iodide  is  then  acted  upon  by  the  phosphoric  acid, 
[whereby  a  further  quantity  of  HI  ia  formed  : — 

4KI         +       2H3PO^      =       4ni  +  2K,HP04. 

Potassic  iodide  -h  Phosphoric  acid  ^  HTdriodio  acid  +  Hydrio  polassio  phoiphato. 
[4KI         +       2POHo.,     =     '4IU  +  2POHoK:o5i.1 

A  solution  of  the  gas  may  be  prepared  as  follows  : — 
(5,)  By  passing  sulphuretted  hydrogen  through  iodine  suspended 
in  water — 

2H2S  -f    2I5    =         4HI        ^      S^. 

Sulphxiretted  hydrogen  -h  lodioe  ^  Hydriodie  acid  +  Salphur. 
[2SHe  +     21^    =  4HI  +       S4.] 

On  distillation  pure  hydriodie  acid  may  be  obtained. 
Properties, — («-)  Sen^ibU  and  Fh^siologicah   Hydriodie  acid  is   a 
colorless  gas^  having  a  strong  odor  and  taste.  It  is  quite  irrespirable, 
(y3.)  PhyikaU  Speciiic  gravity  4*4.     It  may  be  liquefied  by  pressure ; 
by  a  cold  of  —60^  F,  ( — 51*^  0,)  it  solidifies  to  an  ice-like  mass.    It 
ia  decomposed  by  heat  and  electricity.     It  is  very  soluble  in  water. 
^      (y.)  Chemicah     Hydriodie  acid  reddens  litmus.    It  neither  bums  nor 
^■supports  combustion.     It  is  decomposed  by  chlorine,  by  bromine  and 
^Bby  sulphurous  acid,  iodine  being  set  free  ((a.)  2HI-f-Clg=^2HCl-|-Ig. 
H(/3.)  4HI-|-SO£=2H^O  +  S+2l^).      The  gas  fumes   in  the  air,    the 
^atmospheric   oxygen    slowly   effecting    its    complete    decomposition 
^(4HIh-0.2=2KjjO  f  2l^).     For  this  reason  hydriodie  acid  ia  a  powerful 
^Mjfeducing  agent,  even  to  the  conversion  of  sulphuric  acid  into  sulphu- 
^retted  hydrogen  (Hij804+ 8HI=^Hg8 H-  4llg0  +  41^),  It  ia  4^co\s^^^ft^ 
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liy  most  metals^  hydrogen  being  set  free  ('iHI  +  2IIg=Hg.J»'f  IT,), 
With  most  oxideB  and  other  e&lts  it  forms  iodides. 


■ 


1 


Hydriodic  Acid  (HI(H.O)J  (Soivtion), 

This  18  a  solution  of  the  gas  in  water.  The  strongest  solution 
(2ni,  llH^n)  has  a  specific  gravity  of  1"7,  and  distils  unchanged  at 
261°  F,  (127*^  0.)-  It  dissolves  iodine,  and  ia  decomposed  by  atrao- 
epheric  oxygen j  the  iodine  being  deposited  in  fine  crystals.  The  re- 
act ion  a  of  the  gas  given  above  apply  equally  to  its  reactions  ia 
solution. 

Hydrofluoric  Acid  (HF)  (Anhydroui), 

Molecular  weighty  20,    Mohatlar  volumtt  \~'^\  .      Belatwt   weighty   10. 
Sjmijiv  gravibj  of  vapor  0*689  ;  of  liquid  at  55°  F.  (12-8°  C),  0'987. 

SynOBym. — Ilf/dric  fluoride. 

History.^ I>iacovered  by  Scbeele  (1772).  Examined  and  descnbed 
by  Guy  Liissac  and  Thi^nard  in  1810. 

Properties. -^  (a ■)  Phn^mL  The  anhydrous  acid  is  a  colorlesi 
fuming  liquid,  which  boils  at  about  65"  F.  (Ib'S"^  C),  and  has  a 
specific  gravity  of  0-987  at  55^  F,  (12-8^  C).  It  does  not  sohdify 
at  — 30*^  F.  ( — ^34*5°  0*)»  This  anhydroua  liquid  aeid  is  said  to  have  no 
action  on  glass  or  on  the  metals,  except  on  sodium  and  potassium.  It 
chars  organic  substances^  bums  the  skin,  and  explodes  when 
with  oil  of  turpentine. 


Hydrofluoric  Acid  (HF(H.O)j  (Solution). 

This  consists  of  a  solution  of  the  anhydroua  acid  in  water,  wii 
which  it  coDibines  with  intense  avidity, 

PrBpErEtion, — ^y  heating  together  calcic  fluoride  and  sulphuric 
acid  in  a  lead  or  platinum  retort,  and  condensing  the  distillate  in  ft 
receiver  Burroiinded  by  a  freezing  mixture. 

CaF.        +       n.,S04      =-         2HF  +       CaSO^, 

Calcic  Suoride  -|-  Sulphuric  add  ^   Hydiotluoric  add  -f  Calcic  6iLlphat« 

CaFg       +       SOaUo^    ^         2HF  +       SOgCao\ 

Properties. — («.)  PhyfficaL  A  colorless,  strongly  corrosive  liquid. 

The  concentrated  acid  has  a  specific  gravity  of  1*060,  which  by  sufli- 

cieDt  dilution  to  form  the  acid  HF,2njO,  rises  to  a  specific  gravity 

of  M50,  but  decreases  by  further  dilution.     The  acid  HF,2H40  boils 

at  248^  F;  (120^  0  ),  and  distils  unchanged. 

(/i.)   ChemifaL^The  acid  fumes  in  the  air  from  its  afi^nity  for  water. 
It  reddens  litmus.      It    acts  powerfully  on  all  organic  fiubataaces, 
explodes  when    miioil   with   tin  pen  tine,  and  dissolves  most 
(except  An,  Pt,  Ag,  Hg,  Pb,  and  Mg)  evolving  hydrogen,  and 
I  io^  metallw  oxides.    It  dissolves  glass,  forming  a  fluoride  of 


1 
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fwiF4).  and  must  therefore  be  preserved  in  gutta-perclia  bottles.     It 
IB  not  decomposed  by  chlorine , 

Test. — Ita  cx;rro8ive  action  on  glass. 

IGeitbral  He  view  of  thb  CoMPoiraT»s  of  Hydhooeit  and  thk 
Haloids. 
(1.)  ConstitutioU, — ^They  are  all  formed  by  tbe   combination  of 
X  volnme  of  hydrogen  and  I  volume  of  the  haloid  element  combined 

rithout  condensatiuD. 
(2.)  Natural  History »^None  have   been  found  in  nature  in  a 
fi'ee  state,  except  hjdrocWoric    acid,    a   trace   of  which   has    beea 
jioted  in  the  atmosphere  in  the  neigbbourbood  of  volcanoes. 

(3.)  Preparatioil.^HCl  and  IIF  are  prepared  by  the  action  of 
H5SO4  on  a  chloride  or  fluoride,  HBr  and  III  are  prepared  by  the 
action  of  phosphorus  on  the  haloid  element  in  the  presence  of 
water,  a  teriodide  (TIj),  or  a  terbromide  ^PBr^)  being  first  formed^ 
vrbich  is  afterwards  decomposed  by  the  water^ — 

I  ?Br,  +  3H,0  =  l^^  +  H,PnO,. 

(4.)  Properties* — («-)  Stnsible  and  phystologicaL  They  are  all 
colorless  gases,  having  pungent  odors,  and  producing  excessive 
irritation  when  breathed.  (/30  Fh\j,nval,  Their  spec ifio  gravities  vary. 
They  may  all  be  condensed  by  cold  and  pressure,  and  decom- 
posed by  heat  and  electricity.  They  are  all  soluble  in  water,  forming 
the  liquid  acid,  (y.)  Chrmkal.  They  are  all  acid  to  litmus,  are  non- 
combustible  and  non-supporters  of  combustion,  are  decomposed  by 
nitric  acid,  are  attacked  by  metallic  peroxides,  and  combine  with 
^asea  to  form  salts. 

P  Compounds  of  IItdeooeit  and  Niteoqek, 

Theoretically  there  are  four  compounds  of  nitrogen  and  hydrogen, 

rimidogen  (Laurent)  NH, 

Amidogen  (Kane  and  Dumas)  KH^. 

Ammonia  (all  chemists)  NH3. 

Ammonium  (Berzehus)  KH4. 

Only  one  of  these  compounds,  however,  viz.,  ammonia,  has  been 
obtained  in  a  free  state. 

H  Imidogen  (NB:)<— The  Imides. 

The  imaginary  radical  Imidogen  is  supposed  to  exist  in  certain  con- 
jugate bodies,  termed  by  Laurent  *  The  Imides,*  They  are  not  a 
numerous  class,  and  are  obtained  by  the  action  of  heat  on  certain  add 
salts  of  ammonia,  two  molecules  of  water  being  thereby  liberated. 
Thufi  C|qHj|Oo,NH  represents  camphor  imide,  and  is  formed  by 
abstracting  two  molecules  of  water  from  the  bicamphorate  of  am- 
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Amidogen  (^N^s)-— The  Amides. 

Amidogen  la  regarded  as  the  radical  of  a  eompound,  where 
h}  drogen  atom  of  ammonia  has  been  replaced  by  a  metal  or  by 
compound  radical.  Thus,  if  potaasium  be  heated  in  dry  ammonia- 
gaa,  hydrogen  is  liberated,  and  potassic  amide  KH^N  is  formed  ;  or 
if  ammonio  oxalate  [{NH^jgC^O^]  be  lieat«d,  two  water  molecules  aro 
evolved,  and  oxamide  (NHo)2  Ooi\  is  left. 

Two  Tiews  have  been  entertained  aa  to  the  constitution  of  tbo 
amides.  Some  regard  them  (1)  as  compounds  of  amidogen  (NH^) 
with  a  metal  or  a  compound  radical^  and  others  (2)  as  an  ammoniA« 
where  a  metal  or  a  compound  group  has  bean  substituted  for  a  hydro- 
gen atom. 

Ammonia,  NH3. 

Molecular  weight  17,  Mokcuhr  volume  l_J_ J  ^  Relative  wtight  8'5, 
Specific  gramty,  0-59,  Melting  point  — 103°  F,  ( — 75°  C).  Boiling 
Point,  —37°  k  (  —38°  0.). 

SynoDyms, —  Volatile  Alkali;  Spirit  of  Urine;  Spirit  of  Hartshorn; 
Alkaline  Air  (Priestley). 

History* — Mentioned  by  Pliny.  It  was  first  described  aoourately 
by  Black  {1756),  and  afterwairds  experimented  upon  hj  Priestley 
(1790). 

Hatnral  History* — It  is  found  (a.)  In  the  mineral  Mngdom  in  air 
(1  in  28  million  volumes  (Yille)),  in  water  and  in  the  soil;  and 
in  the  organic  kingdoms  in  various  secretions,  as  in  the  urine,  etc 

Preparation»^(10  By  the  action  of  nascent  hydrogen  on  nitrogen 
ast  e.g.— 

(a.)  By  decomposing  water  containing  air  in  solution  by  means  of 
a  battery  or  with  certain  metals,  such  as  iron,  zinc^  etc, 

prou  in  nisiiiig  decomposoB  t!ie  moisture  of  tlio  air^  the  frea  bydrogen 
combines  with  atmoephenc  idtrogeii*  Hence  in  all  m^t  a  certain  acaount  of 
i»  to  be  found,] 

(/3.)  By  liberating  hydrogen  in  the  presence  of  nitrates  or  nitric 
acid  (HN03+4H2^NH3-t-HgO  +  2HjO)  by  such  means  as  the  follow- 
iog:-^ 

(i,)  By  acting  on  a  solution  of  a  nitrate  with  metallic  aluminium 
and  caustic  soda.     (Schultze). 

(ii.)  By  acting  on  a  soltition  of  a  nitrate  with  sdnc  and  hjdrochlortQ 
acid  or  dilute  sulphuric  acid  (HNO^+^Hj^NHa  +  SHjO) 

(iii  )  If  nitric  oxide  be  passed  over  a  mixture  of  lime  and 
hydrate,  calcic  and  potassic  nitrates  are  formed  together  with  ammonia. 
Similarly  if  nitric  oxide  and  hydrogen  be  passed  over  warm  platiniaed 
asbestos,  water  and  ammonia  are  found. 

(2.)  By  the  decomposition  of  organic  matters  containing  nitzogen. 
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HtFliis  may  be — 

H(a.)  Spontaneous^  aa  when  organic  matter  decays  ;  or 

(73. )  The  result  of  dtstructive  didtiilation ;  as  e,g,,  by  heating  horn, 

tal,  etc.j  in  closed  retorts.  Thus,  most  of  the  commercial  ammonia 
Its  are  derived  from  the  ammoniacal  liquor  produced  during  the 
stillation  of  coal. 

(Note. — Tbe  nitrogen  of  all  nitrogomsed  bodies  (provided  it  be  not  present  n»  & 
oitnito  or  cjamde)  is  evohed  as  ammoaia  when  heated  with  the  bydrated  alkalies.) 

(y.)  By  acting  on  ammoniacal  aalta  with  an  alkali  or  alkaline 
earth. 

»2NH,C1      +  CaO=      Cade      +    SKTH,  +  OH^. 
Ammonie  chloride  +  Lime  =5  Calcic  chloride  +  Ammonia  +  Water, 

Properties. — (a-)  Sensible  and phi/3iological.  A  colorlesa  gas,  having 
a  pungent  odor,  and  an  acrid  taste.  When  the  concentrat<*d  gaa  ia 
inhaled  it  is  poisonous,  but  when  dilute  its  action  is  stimulating. 

(/5.)  FhyBicaL  The  specific  gravity  of  ammonia  gaa  is  0*59,  By  a 
cold  of  — 40"^  F.  (  — 40  "^C*),  or  by  a  pressure  of  6  atmospheres  at 
^^  P.  (10°  a),  or  of  8*5  atmospheres  at  68^  F.  (20^  0.),  the  gas  is 

ndensed  into  a  clear,  mobile,  highly  refractive,  liquid,  which  boils 

\ — 37^  F.  ( — 38'^  C),  The  liquid  ammonia  dissolves  sulphur, 
phosphorua,  iodine,  and  the  alkali ue  metals,  forming  with  these  last 
a  blue  aolutioMi  from  which  the  metal  is  deposited  unchanged  when 
the  ammonia  is  evaporated.  At  a  cold  of  — 103°  F.  (  — ^75°  0.), 
the  liquid  ammonia  freezes  to  an  ice-like  aolid^  having  a  greater 
specific  gravity  than  the  liquid. 

In  *'  Carrels  ice  making  apparatus '*  liquid  ammonia  is  first  formed 
by  condensing  ammonia  gas  into  a  liquid  in  a  strong  iron  vessel, 
which  liquid,  in  again  becoming  a  gas,  absorbs  so  much  heat  that 
it  freezes  the  water  with  which  the  liquid  ammonia  is  surrounded. 

Ammonia  gas  may  be  decomposed  either  hj  electric  sparks  or  by 
passing  it  through  a  hot  porcelain  tube.  In  each  case  the  volume  of 
gas  formed  is  double  the  original  volume  operated  on.  Ammonia  gas 
is  very  readily  absorbed  by  clayey  and  peaty  soils,  by  most  porous 
bodies,  by  water  (more  freely  indeed  than  any  other  gas),  and  by 
alcohol.  No  definite  combination  of  water  and  ammonia  is  believed 
to  occur,  the  absorption  being  a  merely  physical  act  of  solution. 

(y.)  ChemkaL  Ammonia  has  an  alkaline  reaction  ;  turmeric  is  ttimed 
brown  by  it,  and  red  litmus  blue,  hut  the  changes  are  not  perma- 
nent (volatile  alkali).  It  is  not  a  supporter  of  combustion,  and  is 
very  feebly  combustible,  burning  under  favorable  conditions  with  a 
greenish  yellow  fiame,  water  and  free  nitrogen  forming  the  products. 

Action  of  oxygen.  When  3  to  4  parte  of  ammonia  gas  are  mixed  with 
1  part  of  oxygen  it  explodes,  water,  nitrogen,  and  traces  of  nitric  acid 
being  formed.  If  ozonized  air  be  mixed  with  ammonia  gas,  white 
clouds  of  ammonie  nitrite  are  formed  from  the  ammonia  becoming 
oxidised   to    nitrous    acid    (4NHj  +  30^  ^  2(NH^N04)  +  2H^0v 
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This  oxidation  of  ammonia  may  also  be  effected  by  a  bot  platinuti 
wire  introduced  into  a  mijcfcure  of  the  gas  and  air.     In  the  preeea 
of  a  strong  base,  the   oxidation  of  ammonia  to  nitric  acid,  aad  i 
Bubsequent  combination  with  the  base,  ronstitutea  a  process   terme 
nitrijleatiim    (2NH3  +  K,0  +  ^0^  =-  2KN0j  4-  SH^O). 

Ai'tUm  of  the  haloids. — Ammonia  is  decomposed  by  chlorine  wii 
the  formation  of  the  hydrogen  acid  (8NH3  +  SOL  =  6NH4CI  -f  N«] 
With  acifh,  ammonia  forma  salts.     Thus  when  the  volatile  hydro^ 
chloric  acid  is  brought  near   ammonia,    white    fumes   of   ammonic 
chloride  are  produced,  a  reaction  constituting  a  test  for  the  presence 
of  the  alkali.     Neither  the  idkaUis^  nor  the  comhustiHe  solids  have  any 
action  upon  it. 

Action  on  nutftUiP  MuUs. — Ammonia  combines  with  various  m^ 
salts,  at  times  apparently  taking  the  place  of  their  water  of  crystu...-- 
tion,  but  not  necessarily  analoc^ous,  so  far  as  the  relationship  between 
the  number  of  the  molecules  is  concerned.  Thus,  cupric  sulphate  has 
the  formula  CuSOj^ijIIjjO,  and  emiraoniatcd  cupnc  sulphate  the  formula 
CuS04»4H;,N,H20,  Hence  ammonia  frequently  acts  on  metallic  salto 
differently  to  potassic  or  eodic  hydrate.  («.)  If  the  ammonia  bs 
in  insvffident  qtainiih/  to  neutralise  the  acid,  a  basic  salt  may  be  precipi- 
tated (4CuSO4  +  6H^N  +  7n,O=3(n4N)2SO4  +  0uSO4,3CuO,4H.O);  or 
(/3.)  If  it  be  added  in  excess  a  precipitate  may  be  formed  either  of 
the  hydrated  metallic  oxide,  together  with  an  amnionic  salt 
(2Fes3S04  +  I2H3N  +  9HsO=:6(H4N)gS04  +  2Fe20ft3HiO),  or  of  a 
combination  of  ammonia  with  the  precipitated  oxide  [as  e.g,,  nranic 
oxide,  forming  (H4N)2O,2U5,0,],  or  of  a  double  salt  of  the  metal  and 
ammonium,  as  e.g.j  the  ammonic  magnesio  phosphate  (n^N)2Mg^F^08, 
I2H0O),  or  various  ammoniated  salts  may  be  formed,  such  as  ih© 
ammoniated  cupric  sulphate,  or  various  substitution  products  niuy 
result,  where  one  or  more  atoms  of  hydrogen  are  replaced  by  a  metal 
or  by  an  electro-positive  radical.     Thus : — 

Potass-amino         NH^K. 

Tii-cblor-tuiuoe    NCI,  (V), 

Tn-zinc-amioe 

Platin*  mmne 

Ethyl-am  ino 

Di-ethyl-aniiiie 

Tri -ethyl- a  mine 

Acet-ivmine 

Sulptio-amine 

Solution  of  AMmOBia  (Liquor  Ammoniie). — This  is  merely  a  ^ 
tion  of  the  gas  in  water. 

At  32°  F.  (O^C.)  water  absorbs  1050  vols,  of  NH,. 
At  69^  F.  (15^  a)    „         „  727     „      „     „ 

At  77°  F.  (25^  0.)    „         „  586     ,,      „     „ 

When  thoBe  solutions  are  boiled  the  whole  of  the  ammonia  ifl 
orolred. 
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The  specific  gravity  of  tho  solution  of  ammonia  varies  with,  its 
strength.     (See  Table  IV*  in  Appendix.) 

Ammonia  solution  is  a  colorless,  alkaline  liquid,  having  a  very 
oauatic  taste,  and  blistering  the  skin.  It  freezes  at  — 40°  F,  ( — 40°  0.) 
The  gas  is  evolved  at  ordinary  temperatures.  The  solution  dissolves 
many  salts  (as  AgOl)  and  oxides  (CuO,  ZnO,  Ag^O)  that  are  insoluble 
in  water. 

If  the  liquid  be  pure  it  should  on  evaporation  leave  no  residue. 

The  impurities  of  a  solution  of  ammonia  are — 

(a.)  Carhitiur  acid. — Test:  Wliite  precipitate  with  limo  water. 

(j3.)  CUoriue. — Test :  White  precipitate  on  adding  argentic  nitrate 
to  the  solution  neutralised  with  nitric  acid. 

(y.)  Sulphuric  acid, — Test :  White  precipitate  on  adding  baric 
nitrate  t4>  a  solution  neutrallspd  with  nitric  acid. 

(5.)  Lime ^  Ted  :  White  precipitate  with  ammonic  oxalate. 

(c.)  Lead  or  copper  (derived  from  the  apj^aratua,  or  from  the  solution 
having  been  kept  in  glass  containing  lead). — TeM :  Brown  or  black 
precipitate  with  sulphuretted  hydrogen. 

P  Ammonium  (XH^). 

This  compound  metal  has  never  been  isolated.  Its  possible 
existence  has  been  inferred  by  the  close  relationship  of  the  ammonium 
salts  to  those  of  sodium  and  potassium,  and  also  by  the  production  of 
an  amalgam  having  the  metallic  lustre  of  ordinary  amalgams,  under 
circumstances  where  its  formation  is  theoretically  possible.  This  amal- 
gmm  rapidly  decomposes  into  mercury,  ammonia  and  hydrogen. 

The  amalgam  may  be  prepared  as  follows  : — 

(1.)  By  placing  a  globule  of  mercury  connected  with  the  negative 
pole  of  a  battery  on  a  piece  of  moistened  sal  ammoniac  {NFl^Ol) 
placed  on  a  piece  of  platinum  foil,  and  connected  with  the  positive  pole. 

(2.)  By  pouring  a  little  potassic  amalgam  into  a  saturated  solution 
of  sal-ammoniac,  when  the  amalgam  rapidly  swells  up,  potassic 
eliloride  being  formed  at  the  same  time. 


I 
I 


CoMTouims  OP  Hydroqen  with  Phosphoeub. 

1.  Gfiifion*  phosphoretted  hydrogen  PH^  (PTTj). 

2.  Liquid  phosphoretted  hydrogen... PLL  or  P.^II^  (Pglli). 

3.  Solid  phosphoretted  hydrogen  ...P.^H  or  P^Hc, 


P(P'"H)" 
P(P-H)" 


(?) 


None  of  these  can  be  easily  prepared  by  direct  union. 


Gaseous  Phosphoretted  Hydrogen,  l^llj  (PIIi,) 

tlicular  weight,  M.     Molecular  volume,    \_\     ].      Relative  weighty  17, 
Specific  ffra  uit^,  1*19, 

Synonyms* — Pho»phamine  (&om  ita  analogy  to  ammon-a) ;  PAo5- 

phorvU9  Trih*tdride* 
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History* — Discovered  by  Guigembre  (1783),  whilst  distilling  pota 
with  »pirit  that  hftd  been  used  for  anatomical  preparations.  It  n 
afterwards  studied  by  Davy  (1812),  who  devised  other  methoda  ^ 
ite  prc^paratioD,  and  also  by  Dumas,  Rose,  etc. 

Natural  History. — Evolved  during  the   decomposition  of  pho 
phorised  organic  bodies  (odor  of  fish). 

Preparation,  ^(l-)  By  heating  phosphorous  or  hypophoephoroui 
acids.  H 


(«.) 


4H,P0, 

Fbospiiorouii  ftcid 


+ 


3H3PO^. 

Fboffphoric  acid. 


m 


[4P0HH0, 

2H.,P02 

H  J  poph  oflpborous 
acid 

[2P0H^H0 


3P0HoJ. 
H,PO,. 

Fbo«pboiio 
acid. 

POHoJ. 


Fbospboretted 
brdro^n 

PH, 

Pboepboretted 
bydrogieii 

PH^ 

(2.)  By  boiling  phosphorus  in  a  strong  solution  of  an  alkali  or  an 

alkabne  earth. 

SKSO     +       P^      +     3H^0     ^      3KPH,A      +         PH^ 
Potoasio       -h  Pboapbiinw  +      Water      ^        Sodio  hypo-      -|-    Phospboreltoil 
hydrate  pho«pblte  hydrogco. 

[30Kn    +      P4       +     30Hs    =     SPOH^Nao    +        PH^]. 

[1?.B. — [a.)  Free  hydrogtn  is  also  erolved  by  the  action  of  an  excess  of  free  alkali 
mi  the  hypopho«pbite,  a  phosphate  being  formed  as  well  as  the  liquid  PH,. 

(j3.)  If  alcoho!  be  used  instead  of  water  the  non-intlauamahle  fonn  ia  generated.] 
(3.)  By  deoom posing    calcic  phosphide  (prepared  bj  passing  phos- 
phorus vapor  over  red  hot  lime)  with  water. 

(4.)  By  the  action  either  of  water  or  potassie  hydrate  on  phos- 
phorio  iodide. 

(a.)  PH,I  =  HI  +  PH,. 

(/I)  PHJ  +  KHO  =  PH^  +  El  +  HjO. 

[N.B.— Thifl  PH,  ia  not  inflammable.  J 

(5.)  Possibly  it  is  produced  in  very  small  quantities  by  the  adioo 
of  nasceat  hydrogen  on  phosphorus. 

PropertltSi^ — («•)  SenBibh  and  phifslcaL  A  colorless,  stinking  gta 
Specific  gravity  1'19.  It  may  be  liquefied  by  pressure,  and  is  deoom- 
poaed  by  heat  and  electricity.  Water  absorbs  from  one- fourth  to 
one-fiftieth  of  its  volume. 

(ji3.)  ChemieaL  Although  in  constitution  analogous  to  ammonia,  it 
has  no  alkaline  reaction,  \ml  is,  on  the  contrary,  feebly  acid  to  blut 
litmus.  Nevertheless  its  analogy  to  ammonia  is  shown  by  its  com- 
bining with  certain  acids,  such  as  hydriodic  and  hydrobromic  acidsi 
forming  with  them  the  crystalline  compounds  phosphoric  iodide  (PH|T) 
BiJid  plu'Sphoric  bromide  (PH4Br).  Both  of  these  compounds  are  ds 
composed  by  water.  The  gas  as  ordinarily  prepared  is  spontaneously 
/adaznmable ;  but  this  is  not  Ik^  case  with  the  pure  gas.    This  spon* 
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.neous  inflamtn ability  depends  on  the  presence  of  a  trace  of  the 
I      vapor  of  liquid  phoephoretted  hydrogen  {PH^j^  one  part  of  ivhich  in 
^K^OO  of  PH3  is  Buffieient  to  confer  this  property  upon  it     (L)  Tht"  purs 
^^fivn-inj^ommahh  ffos  may  he  rendered  injlammable  (a.)  by  mixing  it  with  a 
^■tittle  PHg  vapor;  op  (/3,)  by  bubbling  it  through  nitric  acid  contain- 
^m  n^  nitrous  acid  in  solution,  -ny^^-j^th  part  of  its  bulk  of  nitrous  anhy- 
^■dride  being  sufficient  for  this  purpose.  Or  again,  (2,)  The  spimtamously 
W   injlammahle  gas  matf  he  rendered  non-inflammahk  (a)  by  passing  it  over 
F     charcoal  j  or  (/3)  by  exposing  it  to  snnlight,  or  (y)  by  passing  it  through 
hydrochloric  acid;  in  both  of  which  latter  cases  the  liquid  phospboretted 
hydrogen  is  decomposed  into  solid  and  gaseous  phosphoretted  hydro- 
gen (5PH£=PgH  +  3PH3),  or  (l)  by  exposing  the  gas  to  a  freezing 
mixture,  whereby  the  vapor  of  the  liquid  phosphoretted  hydrogen  is 
condensed^  or  lastly  {i)  by  mixing  it  with  certain  vapora,  such  as 
those  of  ether,  turpentine,  alcohol,    etc.      When  the  impure  gas  is 
I     ignited  it  produces  wreaths  of  white  smoke,  due  to  the  formation  of 
^Lphosphoric  anhjdnde.     The  gas  explodes  when  mixed  with  oxygen, 
^^Slie  haloids^  sulphurous  acid  and  some  of  the  metale  decompose  it.  It 
p     is  mostly  decomposed  when  passed  into  metallic  solutions,  phosphides 
of  the  metals  being  precipitated  (3CuS04+2PIIa=3naS04+P^Cu3). 
In  the  case  of  gold  and  silver  salts  the  metals  are  reduced,  phos 
phorio  acid  remaining  in  solution* 


I 


f  PIT 

Liquid  Phosplioretted  HydrogeE,  P^n^  |  p^« 


Preparatioil. — By  passing  phosphoretted  hydrogen  (prepared  by 
the  action  of  water  on  calcic  phosphide)  through  a  freezing 
mixture. 

Properties.— A  light  yellow  liquid,  boiUng  at  95^  F.  (35^  0,),  not 
•olidifying  at  — 4"^  F.  (  — 20*^  &)>  very  inflammable^  and  decomposed 
l>y  sunlight  into  solid  and  gaseous  phosphoretted  hydrogen  (SPgH^^ 
0PH5  -h  PiH^)-  It  fires  on  exposure  to  air.  The  presence  of  this 
,y  in  gaseous  phosphoretted  hydrogen  coofers  on  it  the  property 
t>f  spontaneous  inflammability  (Th^nard.)  A  similar  effect  is  pro- 
duced by  its  admixture  with  hydrogen,  with  carbonic  oxide,  or 
with  other  combustible  gases. 


i_epi 

■bod 


Solid  Phosphoretted  Hydrogen,  P^H^   J  p^p'-H)" 


tPreparation.**By  the  action  of  sunlight  or  of  hydrochloric  acid 
0  liquid  phosphoretted  hydrogen^  op  by  the  action  of  hydrochloric 
lid  on  calcic  phosphide. 
PropertieB.— A  yellow  solid,  firing  at  302°  F.  (150°  0.),  insoluble 
I  water  or  in  alcohol,  but  soluble  in  a  solution  of  potaasic  hydrate, 
aaeous  phosphoretted  hydrogen  being  evolved. 
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Compounds  of  IIydrooen  aitd  Sttlphxtiu 
Sulphuretted  hydrogen  ...  ...         ...         H^S. 

Persalph  lire t ted  hydrogen H^S*  (?)• 


Sxilphtiretted  Hydrogen,  H^S  (SH^). 


ught,  IT. 


Molecular  weight,  34.     Molecular  volume^    |    J    |  .      Relata 
Specific  gramtif,  M912, 

Synonyms. — Dih^dne  mlphkle;  Hepatic  air;  B^dmgen  fmyno' 
mlphhle  ;    Suf phi  flic  acid ;    fff/drosulphuHc  acid* 

History, — Discovered  by  Scheele  (1777). 

Natural  History.  ^ — (aO  In  the  mineral  kingdom,  sulphuretted 
hydrogen  is  found  in  the  gases  issuing  from  volcanoee,  often  to  the 
extant  of  25  per  cent. 

It  is  fouDd  in  certain  mineral  wattv-s,  ns,  c.^,,  in  those  of  II arrogate, 
Aix-la-ChapeUe^  etc.,  and  in  the  sea-water  near  the  mouths  of  rivef*. 
The  water  on  the  west  coast  of  Africa  is  stated  to  contain  6  cubic 
inches  of  sulphuretted  hydrogen  per  gallon,  the  smell  of  tlio  gaa 
being  noticeable  27  miles  out  at  sea.  In  these  cases  the  conditions  of 
its  formation  are  the  presence  in  the  water  of  organic  matter  and  of 
sulphates^  the  former  being  oxidized  by  the  oxygen  <:)f  the  latter, 
until  a  sulphide  is  formed  (CaS0,4  —  O4  —  CaS).  When  this  sul* 
phide  is  acted  on  by  the  carbonic  acid  in  the  water,  sulphuretted 
hydrogen  is  set  free  (CaS  -f  H.O  +  CO.  =  CaCOj  -f  HgS).  Ths 
unpleasant  taste  of  many  aerated  waters  is  due  to  their  having  beeri 
manufactured  with  water  containing  organic  matter  and  sulphates, 
whereby  a  sulphide  is  formed,  which  is  decomposed  by  the  carbonie 
acid  present  in  large  excess. 

Its  presence  in  sewer-gas  results  from  the  putrefaction  of  orgasie 
matters  containing  sulphur,  as  well  as  by  the  process  already 
doscribed.  In  the  neighbourhood  of  sulphate  of  ammonia  works,  il 
may  often  be  detected  in  the  air,  for  in  distilling  coal  (as  well  as  ia 
the  destTuctive  distillation  of  alt  organic  matters  containing  sulphur ) 
large  quantities  of  the  gas  are  generated,  which,  combining  with  the 
ammonia,  collect  in  the  ammomacal  liquor.  It  is  also  set  free  in 
quenching  the  coke  at  the  gas  works,  the  hydrogen  of  the  decompoeed 
water  combiniog  with  the  sulphur  of  the  fuel.  Large  quantities  <kf 
TLoS  are  also  evolved  in  the  last  part  of  the  process  of  tar  distillation. 
It  may  be  worth  noting  here  that  if  present  in  a  room  it  may  b« 
entirely  removed  by  setting  free  a  trace  of  chlorine. 

(0.)  In  the  vtgetiihie  kingdom  it  is  unlcnown,  whilst  (7)  in  the  awW 
kingdom  it  is  found  in  integtinal  ftatus,  and  in  decomposing 
matters. 

Preparation.^Cl)  By  the  direct  union  of  hydrogen  and  sulphur. 
(a»)  By  heating  together  sulphur  and  hydrogen;  or  (/j)  by  pasaioC, 
b^drogen  into   boiling  sulphur;   or   (y)  by  burning  hydrogen 
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^ftor  or  salphtir  vapor  in  hydrogen  j  or  (^)  by  passing  steam 
w  tkrough  a  tube  filled  with  red  hot  pumice  stone* 

Htl<  ^iog'  a  metallic  sulphide  with  an  acid;  e.g, : — 

itute  sulphuric  acid  on  ferroua  sulphide — 

»+  FeS  =.         FeSO^         H-  H^S. 

-f  Ferroui  ^ulpbido  ^    Ferrous  sulphate  -J-  Sulpliurett*^<l  hydrogen* 

►t     +        FeS"        =        SO.Feo"    -f  sn,,] 

^te  hydrochloric  iicid  OQ  antimonious  sulphide;^ 

"  4-  Sb^S^  =        2SbCl3  +      ^US* 

4-  Antimonioiii  «iilpbtde  =s  Antimuaioiu  chloride   4~  Sulphuretted 

hydrogen* 

^-(a*)  Struitble  and  ij^iifttioJogicuL  Sulphurettod  hydrogen 

having  the  odor  of  rotten  eg^*     Physiologically, 

wnrcotic,  aod  is  very  poisonous;   1  part  in  1,500  will  kill 

[1,000^  dogs;   1  in  25 0«  horses.    (Dupaytren  and  Thonard.) 

\icaL  Its  spetiific  gravity  is  1*1912.   100  cubic  inches  weigh 

|nd  1  litre  1*51991    grms.     By  a  pressure  of  seventeen 

or  by  a  cold  of  — 101'  F.  (—74°  C),  it  may  be  con- 

a  colorless  lifjuid,  which  boils  at  — ^79-6-  ¥.  (—62-  C), 

l&t  —122*8^  F.  (—86^  a)^     It  18  decomposed  both  by  heat 

ity.    Water  freely  absorbs  it;  at  32^  F.  (0"*  C),  it  dissolves 

bulk  of  tho  gas ;  at  59°  F.  (15°  C.)  3-23  times,  and  at 

|C.)  2*66  times. 

co/.  Sulphuretted  hydrogen  reddens  litmus  feebly*  It 
tible  gas*  If  the  supply  of  air  be  free,  water,  sulphurous 
il  a  little  sulphuric  acid  (if  the  air  be  moist)^  are  formed.  If 
ly  of  air  be  limited,  sulphur  is  deposited.  It  will  be  noted, 
at  any  sulphuretted  hydrogen  evolved  in  manufacturing 
aay  be  efTectually  removed  by  passing  the  gas  through 

om/f/en  m  the  proportion  of  I  part  of  H^S  to  1  -5  of  0, 
Ion  the  application  of  heat.  By  the  action  of  the  haloid 
phuretted  hydrogen  is  immediately  decomposed »  the  ha- 
•oprfating  the  hydrogen  and  liberating  sulphur  (Sil,j4-01^"= 
-aciih  (such  as  nitric,  sulphurous  acids,  etc.),  decompose 
rii  iilphup.  It  is  absorbed  by  the  a/(vi//fj#»  forming  sul- 
^K^S),  solutions  of  which,  on  being  further  treated  with 
Rid  hydrogen,  form  anlphydratos  or  hydrosulphides  (K^S-f 

ttah  displace  hydrogen  from  the  gas,  forming  a  sulphide, 
some  cases  at  orriinan/  teinptralures  (as  e.g.*  in  the  case 
oOf  (Hgs  +  H.^8=Hg..S-f  H^).  Thus,  silver  is  blackened 
I  to  the  air  of  towns,  a  silver  spoon  by  the  sulphur  oC  wv 
Iver  ooJJ7;9  hy  keeping  them  with  sulphur  match*?*  Vn  l\\^ 
\f  ^^*^^  sulphide  thus  iormod  may  be  removed  \>j  aitoTig 
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ammonia  or  hj  potaasic  cjanide.]     In  other  cases,  heat  ia  required  to 

effect  combinatioD  (as  e.g.,  in  the  case  of  K,  Sn,  t^tc.) 

(a.)  2H,B+Ks:=2KnS-f  H..  C/3.)  n^S+Sti^Sng-hH.. 
In  this  latter  case  it  will  he  remarked  that  the  volume  of  hydroge 
evolved  is  identical  with  the  volume  of  sulphuretted  hydrog 
operated  upon.  Metallic  oxidts  are  changed,  by  the  action  of  the  j 
into  their  corresponding  sulphides,  water  being'  formed  simultand 
ously  {PbO-VH5S=PhS-f  H2O).  A  similar  action  is  obseived  in 
case  of  the  metallic  salts  (Pb(N0s)gH-H^S=2HjS[03-hPbS).  Thu 
the  lead  used  for  paint  becomes  black,  although  the  black  sulphide 
(PbS)  formed  is,  under  the  infiuence  of  air  and  light,  convertod  into 
the  white  sulphate  (PbSO^)*  The  colors  of  the  various  sulphides 
produced  when  the  gas  is  passed  through  metallic  solutions  are,  in 
many  cases,  very  characteristic,  and  constitute  important  tests.  Oa 
metaUk:  chlorides  the  action  of  the  gas  is  similar  to  that  on  oxides. 

The  siftudon  cf  miphuretted  hf/dntgen  has  a  feebly  acid  reaction.  It 
rapidly  decomposes,  becoming  turbid,  from  the  atmospheric  oxygen 
combiniDg  with  the  hydrogen,  whereby  sulphur  (the  electro-negatifTS 
variety)  is  precipitated  as  a  white  deposit  It  is  better,  therefore,  to 
make  tbe  solution  with  water  that  has  been  well  boUed,  or  haa  beea 
previously  saturated  with  the  gaa. 

Uses. — In  the  laboratory,  as  a  teat  for  the  metals. 

Tests*— Blackens  lead  paper, 

Persulpliuretted  Hydrogen  (H^Sg?)  'S'«H^,  or  Hag. 

Molecular  weighty  66  (?),     Specific  gravity,  1*769. 

SynOEyniS, — Permtiphide  of  hydrogen;  Hydnc  pereulphide  i  DiHydrk 
din uip k ide ;  IIi^ droBn Iphyl  ( Fran k Ian d ) . 

History* — Discovered  by  Scheele  (1777).  Its  properties  werofiiUy 
investigated  by  Berthollet. 

PteparatiOB. — Lime  and  sulphur  are  first  boiled  together,  whereby 
a  disuljihide  of  calcium  is  formed  ('S'eCa").  This  solution  is  then 
dropped  into  dilute  hydrochloric  acid  (1  of  acid  to  2  of  water),  when 
per  sulphuretted  hydrogen  is  formed  : — 

CaS.       +  2nCl  ^  H^S^  +     CaCIt, 

Cflkic        +        Hydrochloric        ^        Feraulphurettod      -h       Cftleio 
difluJphide  acid  hydrogen  chlorid©- 

S'.Ca'^     -h  2HC1  =  SsHg  +     CaClt- 

[Note.— If  the  acid  be  poured  into  the  calcic  diRulphide  solutioi 

then   another  reaction  occurs^    sulphur   being  precipitated  (sulpha 

prfficipitata,  P,  B.)     Ca8.  +  2HC1=CaCl,,  +  H2SH-S]. 

Properti es. — ( o  - )   ^*'f> » i^de  a n d  physio fogica L  A  yell 0 w \ sh   oily  li q ui3 
Jm?ing  a  sulphuretted  hydrogen  odor.     Specific  gravity,  !•  769.     It] 
^Bsrr  nnsffible  bodv.    and  is  decomnosod  hv  a  aliffht  heaimloi 
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pbnretted  hydrogen  and  sulphur.   It  is  insoluble  in  water,  but  soluble 
in  ether. 

(/3.)  Chemical,  Persulphuretted  hydrogen  is  inflammablei  andbums 
with  a  blue  flame.  Its  composition  is  doubtful,  but  it  is  believed  to 
be  analogous  to  hydroxyl  (H^Og).  It  is  closely  allied  to  it  in  certain 
of  its  reactions.  Thus,  it  bleaches  litmus.  The  presence  of  acids 
increase,  whilst  alkalies  decrease  its  stability.  It  dissolves  free  sul- 
phur, and  is  decomposed,  like  hydroxyl,  by  the  mere  contact  of  certain 
metals  and  metallic  peroxides.  It  is  believed  to  combine  with  many 
Tegetable  alkaloids. 

Seleniuretted  Hydrogeni  H^Se  (SeHg.) 

Molecular  weight,  81*5.  Molecular  volume  f~\~\  •     Relative  weight,  40*75. 
Specific  gravity,  2*8. 

Synonyms. — Selenetted  hydrogen;  BydroeeUnic  acid;  Dihydric  aelenide; 
SeUnhydric  acid. 

History. — Discovered  by  Berzelius. 

Preparation. — (!•)  By  passing  hydrogen  and  selenium  vapor 
through  red-hot  tubes. 

(2.)  By  the  action  of  acids  on  selenides  : — 

FeSe      +         2H01         =         PgSe         +      FeCIj. 

Ferrous      +      Hydrochloric      ^      Seleniuretted      -f      Ferrous 
selenide  acid  hydrogen  chloride. 

[FeSe"    +        2HC1         =         SeHg        +    FeCL]. 

Properties. — (a  )  Sensible,  physical,  and  phifsiological. — A  colorless, 
offensive  smelling  gas,  producing  great  irritation  and  violent  nasal 
catarrh.     Specific  gravity,  2-8.     Soluble  in  water. 

(/3.)  Chemical,  Inflammable.  The  solution  in  water  is  feebly  acid. 
"When  exposed  to  the  air  it  absorbs  oxygen,  depositing  selenium.  Its 
reactions  are  closely  allied  to  those  of  sulphuretted  hydrogen,  pre- 
cipitating in  many  cases  metallic  selenides  when  passed  through 
solutions  of  metallic  salts.  The  alkaline  selenides  are  soluble.  The 
selenides  of  zinc  and  manganese  are  coloured,  but  the  rest  are  black. 

Compounds  of  Carbon  and  Hydrogen. 

These  compounds,  termed  generically  hydrocarbons,  belong  chiefly, 
if  not  entirely,  to  organic  chemistry.  Three  of  these  compounds  will 
be  described  here,  viz.,  marsh  gas,  CH4 ;  defiant  gas,  Q^^ ;  and 
acetylene,  GJS,^  These  three  bodies  are,  moreover,  the  starting  points 
.  ef  three  series  of  hydrocarbons,  the  members  of  which,  as  in  the  case 
of  other  hydrocarbon  series,  increase  by  a  regular  increment,  or  some 
sraltiple  of  GH,,  such  a  series  being  termed  an  homologous  eeriee. 
^Dmb — 
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Marsh  Ga»  Serin, 


Meth&ne  (m&r^  gas]  CH^ 

£th*iid    , Vfl^ 

Propimo  . ,     , .     . .  C,H^ 

Etc, 


OUJiani  G«m  Strin, 


Ethylene  (olef.  go*)  C,H| 

Propyleme     . ,     . .  C^H^ 

Butylen6        .,     .,  C^It, 

Etc. 


wm 


Aecti/Utie  SfFT* 


1 


Acetylene      C,n^ 

Alljlm©,,     .  C,ll. 

Crotoiiylene  . . 
Etc. 


c.n. 


Spet*ific 


Methane,  or  Light  Carburetted  Hydrogen,  CH4- 

Mo!  tcuhir  weighty  16.  Molccuhtr  volume  \"\    ^|  ,  Ji  dative  weufkt,  8. 

gntvitt/f  0*5576. 

SynonyillS. — Mar^h  gm  :  Methane  ;  Jifetht/fic  ht/dride  (CH3H) ;  Su^ 
carhnretfn/  hydrogen  ;  Ihavy  injiammable  air  ;  Fire  damp  ;  Pit  gas. 

History.— First  exaniined  by  Volta  (1778). 

Natural  History* — ^Found  in  stagnant  ditches,  t.«,,  wberet«r 
vegetable  matter  ia  decoinpo&ing  out  of  contact  with  air,  but  b 
the  presetice  of  moisture  (marsh  gae).  It  occura  occluded  in  coal,  100 
grains  of  ivhich  will  at  times  yield  200  c,c,  of  gas,  containing'  nearly 
90  per  cent,  of  marsh  gas,  the  remaining  10  per  cent,  consisting  of 
nitrogen^  oxygen,  and  carbonic  acid.  It  is  evolved  from  the  eartli  ia 
many  volcanic  diRtricts, 

Preparation. — (l*)  By   the  decompoBition  of  orgamc  matter 
aewage)  out  of  contact  with  air. 

(2/)  By  the  dry  distillatiQE  of  coal. 

[Pro bally  C II ^  and  CO,  were  the  two  gaaea  formed  when  the  hydrogen  and  otyf«> 
were  aepamted  from  \he  wood  during'  its  cliange  into  coal]. 

(3.)  By  heating  acetic  aeid  or  an  acetate,  with  sodic  or  pol 
hydrate  :— 

PotasBic  m^etate     -f     Polossin  hydrate    ^    Potftasic  carbonate     -f     lUftbiine. 

[(COKo     +  KHo         =  COKo,  +    CH,] 

(4.)  By  passing  a  mixture  of  carbonic  disulphide  vapor  and  sal 
phuretted  hydrogen  (or  steam)  over  red-hot  copper  :— 

08-2        +  2SH.  +      4Cu       =    4CuS       +       CH^ 

Carlonic       4*       Sulphuretted       +       Copper      ^      Ciipric       +       M( 
diJ-wlphidfl  livdrogeo  sulphide 

[OS/      +         2SH^  +       4Cu       =     4CllS     +     CHJ, 

(5,)  By  the  action  of  water  on  zincic  methide. 

;5n(CH,)«        +      2H/)     =       2CH4       +        ZnO.He. 
Zincic  mothido       +       Wnter      ^      Methane      +      Zmcie  hydmle. 
(G  )  By  the  action  of  nascent  hydrogen  on  chloroform  (CHCI^ 
on  CC)^.  or  on  CHI3. 

CHCI,      H-       aHe       =      CHi      4-  3HCI, 

C^iurofunn     +     Hydrogen    =    Mtihitne     +     Hydrochloric  Eod. 


% 
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PropertieSt^tt-)  S^nsibU  and  ph^&^iological. — A  colorless,  odorless, 

atelebs  ^hh.     It  has  no  iojiirioua  action  on  the  body, 

(ft.)  PuysivaL — 8p4*ciii(i  gravity,  0'5576.     It  possesses  great  powers 

'  diffusion.     It  cannot  be  condensed  by  cold  or  pressure.     It  may, 

IthougU   with   difficulty,   be   completely  decomposed  by    heat  and 

ctricity,  carbon  being  deposited,  and  a  double  volume  of  hydrogen 

s'olved.     Passed  through  a  red-hot  tube,  hydrogen,  ethylene,  aeety- 

ene,  and  ethyllc  hydride  are  formed.     100  volumes  at  32*^  F.  (0°  C.) 

bsorb  about  5*4  volumes  of  the  gas. 

(7,)  ChtniieaL — It   is   a  very   inert  gas,  and   constitutes  the  first 

11  ember  of  the  paraffin  aerie  a  (jmrum  and  affintlatis).     It  haa  no  action 

turmeric  or  on  litmus.     It  contains  more  hydrogen  than  any  other 

[impound  of  C  and  H,     It  burns  with  a  pale  illuminating  flame,  a 

heat  or  actual  flamo  being  required  for  its  ignition,  carbonic 

ahydride  and  water  constituting,  if  the  supply  of  air  be  free,  the 

roducts  of  its  combustion,  whilst  acetylene  and  other  products  are 

brmed  if  the  supply   be  limited »    Exploded  with  tivu^e   its  volume 

'oxygen,  carbonic  anhydride  and  water  result,  whilst  with  1'5.  times 

volume,  carbonic  oxide  and  water  are  formed.     It  explodes  even 

len  mixed  with  air  in  the  proportion  of  1  part  of  the  gas  to  II  of 

ar,  the  energy  of  the  explosion  increasing  until  the  methane  coasti- 

ites  one-seventh  of  the  total  volume, 

Action  of  the  Htili/itU.—Iodino  and  bromine,  are  without  action 
JU  it.  Chlorine  does  not  combine  with  it  in  the  dark,  whilst  in  sun- 
the  union  is  intensely  energetic,  forming,  in  the  presence  of 
aoisture,  carbonic  anhydiide  and  hydrochloric  acid  (CH^^+^lt-^eH- 
IgO=COj-f  8HCI).  If  the  chlorine  be  present  in  great  excess  the 
abstitntion  of  chlorine  for  the  hydrogen  may  be  effected,  carbonic 
Btrachloride,  CC14,  or  lower  derivatives  such  as  CHClsjCHClo,  etc., 
ag  formed. 

Neither  sulphur  nor  phosphorus,  acids  nor  alkalies  hiive  any  action 
the  gas. 

iCTT 
ch". 

\faUadar  weight,  2S.     Moiecular    volume^    |     |    f  >      Eelaiive  weight  \  A* 
Specific  gravity  0'97tk 

Synonyms.  —  Ohfiitnt  gas  (Dutch  chemists)  j  Eihylem ;  Eta^l 
Ber/eliua) ;  Et  he  true  (Faraday) ;  Etherin, 

History. — Discovered   by  the  aaaociated  Dutch  chemists  (1795). 

terwardft  studied  by  Berthollet. 

Natural  History. — Present  to  the  extent  of  1  to  6  per  cent,  in 
damp. 

Frepaxation* — (l.)  By  the  dry  distillation  of  coal  and  other  or- 
ganic bodies  (resins, Mats,  oils,  etc) 

(2.)  By  thft  action  of  8ulp!mric  acid  (or  other  dchyd\  a\\^^  a^^ul*. 
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Buoh  as    boric    anhydride)    on  alcohol  at    a    temperature  of  abo 
320°  F.  (165^  C.)     The  action  occurs  in  two  stages  : — 
(ct.)  Sulpho\dnic  acid  is  firat  formed — 

CgH5(0H)  -f       H5SO4        =     O^H^^nSO*     -h    H,,0. 

Alcohol    -f     Sulphuiio  acid   ^     Sulphoviaic  acid     -f     Water, 
(jV)  The  sulphovinic  acid  is  afterwards  decomposed  by  heat  into 
ethylene  and  Bulpliuric  acid — 

Sulphovinic  auid    ^    Ethylene    -j-     Sulphuric  acid. 

(3,)  By  the  action  of  nascent  hydrogen  on  acetylene  (CoH^-f  Hj= 
C,H,). 

[Note. — Acetylene,  C,H^,  ia  the  only  hydrocarbon  that  can  be  prepared  artificiill|| 
From  it  ethylene,  ^nd  from  ethylene,  akohol  can  be  formed.]  I 

Properties.— (ot.)  Setunlle,  A  colorless,  odorless  gas,  haring  m 
anseethetic  action.  I 

(/3.)  Pht/sicaL  Speeifie  gravity  0-978,  It  may  be  liquefied  by  coll 
and  pressure  at —166*"  F.  (—110°  C.)  (Faraday),  but  it  cannot  bj 
frozen.  It  is  deconipoaed  by  a  red  heat  and  by  electric  sparks,  d 
the  heat  be  not  too  great,  acetylene  and  hydrogen  are  formi^ 
(CgH^t^rrCeH^+H,,) ;  at  a  higher  temperature  marsh  gaa  is  produced, 
and  one  half  of  the  carbon  ia  deposited  (CgH^^CH^-HC),  whilst  at  ^ 
higher  temperature  still,  it  suITers  complete  decomposition  (C^II^  J 
C^+2H3.)  Water  absorbs  about  one-eighth  its  bulk  of  the  pJ 
Alcohol,  ether,  the  volatile  and  fixed  oils  also  dissolve  it.  I 

(y.)  OhemicaL  It  has  no  action  either  on  litmus  or  turmeric.  9 
bums  with  an  intense  white  light,  constituting  one  of  the  chief  illJ 
minanta  of  coal  gas.  When  mixed  with  three  volumes  of  oxygen,  I 
explodes  (€£2:^4*30^=2002+21120),  water  and  carbonic  anhydii« 
resulting.  I 

Action  of  the  halotda,—  (n*)  When  olefiant  gas  is  fired  with  twice  ill 
volume  of  chlorinei  it  deposits  carbon  and  forms  hydrochloric  adi 
(/3.)  Mixed  with  its  own  volume  of  chlorine  and  exposed  to  diffai* 
light,  it  forms  an  oily  body  called  Dutch  liquid^  C^H^Gl^  (DicUofI 
ethane ;  Ethylene  chloride).  This  liquid  has  a  specific  gravity  m 
1*256  at  53-6°  R  (12°  C),  and  boils  at  183-2°  F.  (84^0.).  The  fonnJ 
tion  of  this  body  is  the  origin  of  the  name  *^  Olefiant  gas."  (yl 
When  the  gas  is  mixed  with  a  larger  proportion  of  chlorine,  vam 
exposed  to  sunlight,  the  product  CgCl^  may  be  formed.  Bromine,  ha 
not  iodine,  forms  products  of  a  similar  kind.  An  Ethylene  iodiM 
CjH^I^  may  be  produced  by  passing  ethylene  into  a  mixture  d 
iodine  and  absoiuto  alcohol.  I 

Phosphorus  and  sulphur  have  no  action  upon  it.  I 

Fuming  sulphuric  acid  (or  80^,)  absorbs  it,  forming  (C^H^^SSOJ 
ethyl -sulphuric  acid.  Mixed  with  an  alkalin/a  solution  of  potuM 
j^armang-anate,  carbonic,  formic,  and  oxalic  acids  aro  produo<>d.        I 


in^i 


2H 


Acetylene  OM^ 


xn. 

''OH, 


ffde^ar  wtighi^  26.      Molecular  volume,    |_L 


Edative  wtight^   13. 


Specter  gravittff    0*92. 


SynonjrmS. — Etlnne ;  KJumene, 

Rreparation,— (!')  By  the  direct  combination  of  carbon  with 
bydrogen  ;  as,  e^g.^hj  the  combustion  of  the  carbon  poles  from  a 
E>uwerful  battery  in  an  atmosphere  of  hydrogen. 

(2.)  By  the  incomplete  combustion  of  bodies  containing  carbon  and 
bydrogen,  such,  c.  g.^  as  methane,  vapor  of  alcohol,  etc. 

(3.)  By  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on 
bromethylene^ 


CoH^Br      +    KHO     =     CoH, 

+      KBr     +    H^O. 

Bromethyleno    +     Potaamc    ^    Aoetjlene 
hydmte 

-{-     Potaaaic     -^     Watar, 
bromide 

(4.)  By  the  electrolysis  of  fumaric  acid  {CMJfiOOB.}a=Q^B..'k' 
ICO.+  H.). 

(5.)  By  passing  a  mixture  of  methane  and  carbonic  oxide  through 
a  red  hot  tube  (GH^+CO=0«H^+H^0). 

Properties* — («♦)  SenmhU,  A  colorless  gas,  having  a  geranium 
ior.  It  is  very  poisonous* 
(/3.)  Phf/sical.  Specific  gravity  0*92.  It  has  never  been  condensed. 
ft  is  decomposed  by  an  intense  heat  (such  as  electric  sparks)  with  the 
Bparation  of  carbon.  By  the  action  upon  it  of  a  continuoua  red  heat> 
benzene  (C^H^)  has  been  formed,  together  with  a  liquid  hydro-carbon 
ailed  styrole  (CgHg),  and  which  hitherto  had  only  been  obtained  from 
Drax.  Acetylene  is  the  most  stable  of  all  carbon  compounds*  It  is 
[>luble  in  water,  the  solution  answering  to  the  testa. 

(y.)  ChemicaL — It  burns  with  a  smoky  flame,  1  volume  of  gas  con- 
iming  2 '5  volumes  of  oxygen,  and  forming  2  volumes  of  CO^.  Mixed 
rith  chlorine  and  exxmsed  to  difi'iise  daylight,  it  explodes  spontane- 
iialy,  with  the  separation  of  carbon  (CjH^  +  01^=0^  +  2HC1).   It  com- 
aee  with  bromine  to  form  acetylene  dibromide  (C^HgBrg).     When 
lectric  sparks  are  passed  through  a  mixture  of  nitrogen  and  acety- 
hydrocyanic  acid  is  formed  (C£n5  +  Ng=2CNH).      Oxidizing 
aU,  such  as  potassic  permanganate,  convert  it  into  oxalic  acid. 
is  absorbed  by  sulphuric  acid,  with  the  production  of  vinyl-sul* 
Imric  acid  (S02(C2H30)Ho),     It  combines  directly  with  hydrogen 
form  olefiant  gaa  (C2H5  +  Ho=C2H  j. 

Tests. — (a)  With  cuprous    chhridt  it  forms  a  red  explosive  pre- 
ipitate  of  cuproso-vinyl  oxide  [cuprous  acetylide  or  cuproeo-vinylic 
ker,   (C«CueH),0],    2Cii2Cl«-f2C«H8  + H^O  ==  4HCl  +  (CeCu2H),0. 
>  body  is  supposed  to  have  caused  explosions  in  bra^  and  ^^^^t 
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^m         pipes  used  for  gas.     It  is  immediately  decomposed  hy  Iiydrocblori^g 
H         acid,  at^etylene  being  set  free  {(C^,Cu2H)jjO+'mCl=2Ca^Cle  +  H.O-|^ 
^m          SCgH^).     Bj  the  action  of  nascent  hydrogen  it  forma  ethylene.            ^ 
^H              (/i.)  It  gives  a   white  explosive  precipitate  with  argentic  ttitrate, 
^H         inBoli^ble  in  ammonia  or  in  nitric  acid. 

^^^                                          Coal  Gas.                                          1 

^^^H         Three  classes  of  products  are  formed  by  the  dry  distillation  of  " 
^^^f    coal — gas,  water,  and  tar^  the  r^lativo  proportions  of  each  depending 
^         much  on  the  temperature  to  which  the  coal  is  subjected.     Coal  gas  is 
^H          a  compoimd  gas,  consisting  of  ilium  in  ants,  diluents,  and  impurities. 
^H          The  illuminants  are,  olefiant  gaa  (CeH^),  and  analogous  hydrocaj-bons 
^H          (C^H^,  C^Hg,  etc.),  and  hydrocarbon  vapors,  such  as  the  vapor  of 
^H           benzol.     The   diluents  are,  hydrogen,  roarah  gas,  and  carbonic  oxide. 
^H          The  impuntim  are,  carbonic  anhydride,  sulphuretted  hydrogenj  and    , 
^H          other  sulphur  compounds, 

^H              The  following  table,   from  Eoscoe,  represents  the  oompoaition  of 
^H          coal  gas,  prepared  respectively  from  cannel  and  from  common  ooal,    , 
^B          In  estimating  the  illuminating  power  of  a  gas,  we  compare  tho  light 
^m          given  by  the  gas  burning  from  a  24-hole  argand,  at  5  feet  per  hour, 
^B          with  a  sperm  candle  burning  at  the  rate  of  120  grains. 

^^H  • 

S  1^  6«  iT  t> 
»£  P  J  be 

Campcwittoo  In  100  volumes. 

tijdrogcn, 

a. 

MiirthgM, 

C4rbouio 
iijtld«, 

uo. 

He«ity 
Mydro* 
c«»  borii 

FqQAl  to 
OleGuit 

C.H,. 

Orbctote 
wad. 

^H             Ciuiiifllgiu. 

S4  4 

13  0 

SI»S3 
47*60 

41  ta 

1%5 
7^2 

(6-9T) 

rni 

^H              The  gas  is  purihed  by  condeusation  and  by  absorption, 

^H               (L)  By  etrndensation  (refrigerators)  the  solid  and  Hc^tiid  impurities, 

^^^H     such  as  water,  tar,  etc,  are  removed, 

^^B        (2  )  By  almfrption  (lime  or  oxide  of  iron  purifiers),  the  carbonic 

^          acid,  the  presence  of  1  per  cent,  of  which  is  said  to  decrease  the  ligh; 

^B          6  per  cent.,  and  the  sulphur  present  as  sulphuretted  hydrogen,  and 

^H          to  a  certain  extent  in  other  forms,  are  removed. 

^^B                                            Mame, 

^^^^        Flame   results   from    the    combination    of  two   gases   un^ler  the 
^B          influence   of  heat.      A    gas   to    buri;,    therefore^    is   ono    e&sential 
^H          condition   of  Hame,,   heme,    a    diamond    cannot    burn   with    fianu% 
^m         because  it  cannot  be  volatilized.      Furtlier,  it  ia  essential  that  tho 
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temperatiure  Decessary  to  effect  the  udIod  of  the  gases  should  he 
xnaintained.  Hence,  a  mass  of  cold  metal  introduced  into  a  flame 
-will  extinguish  it. 

The  terms  ^'conUmstibU^^  and  "supporter  of  combustion ^^  are,  how- 
ever,  merely  conventional,  inasmuch  as  air  may  be  made  to  burn  in 
coal  gas. 

The  temperature  at  which  this  combination  of  different  gases  (t. «., 
combustion)  occurs,  varies  with  different  gases.  Thus,  phospkoretted 
hydrogen  ignites  at  ordinary  temperatures,  carbon  disulphide  vapor  at 
419°  F.  (215^  C),  whilst  marsh  gas  needs  a  temperature  little  short  of 
actual  flame  to  effect  its  ignition. 

Combustion  may  proceed  both  untkout  flamt^  as  instanced  by  a 
smouldering  taper,  or  by  the  action  of  a  hot  platinum  wire  on 
mixed  air  and  coal  gas ;  and  mth  fiamty  as  in  the  ordinary  cases  of 
combustion. 

An  ordinary  flame  burning  in  air,  is  an  envelope  dividing  the  com- 
bustible gas  within  from  the  supporter  of  combustion  without.  It 
consists  of  several  parts : — 

(1.)  A  dark  inner  cone  of  unbumt  gas.     This  is  surrounded  by — 

(2.)  A  luminous  cone  of  partially  burnt  gas.  It  is  in  this  cone  that 
the  carbon  is  separated  and  dense  hydrocarbons  formed.  This  occurs 
as  follows : — The  air  present  is  insufficient  to  burn  both  the  hydrogen 
and  the  carbon  of  the  hydrocarbon ;  consequently,  the  hydrogen 
having  a  greater  affinity  for  oxygen  than  the  carbon,  combines  with 
it,  and  the  carbon  is  set  free,  which,  becoming  ignited  in  the  burning 
hydrogen,  renders  the  flame  luminous.  This  luminous  cone  is  sur- 
rounded by — 

(3.)  A  non-luminous  but  intensely  hot  cone  of  completely-burnt  gas. 

(4  )  At  the  bottom  part  of  the  flame  is  a  portion  where  the  cum- 
bustion  is  complete,  and  where  this  division  into  the  cones  described, 
is  not  apparent. 

In  a  blow-pipe  flame  a  free  supply  of  air  is  effected  within  the 
flame.  Thus,  the  carbon  of  the  hydro-carbon  is  burnt  as  well  as  tho 
hydrogen.  A  blow-pipe  flame  consists  of  two  parts,  each  part  having 
a  difierent  chemical  power,  (a.)  The  point  of  the  inner  cone  has  a 
reducing  action,  due  to  the  presence  of  an  excess  of  carbon  in  the  form 
of  carbonic  oxide,  which  is  ready  to  combine  with  more  oxygen. 
(fiJ)  The  point  of  the  outer  cone  has  an  oxidizing  action,  due  to  the 
presence  of  an  excess  of  oxygen. 

The  heat  of  a  flame  depends  on  the  energy  of  the  chemical  com- 
bination. Thus  the  heat  of  a  flame  often  bears  no  relationship 
whatsoever  to  the  light.  The  oxy-hydrogen  jet  is  non- luminous 
but  enormously  hot,  the  energy  of  the  chemical  action  being 
intense.  If  lime  be  introduced  into  the  jet  the  light  becomes 
intense,  but  the  heat  is  reduced,  inasmuch  as  the  lime  not  only  does 
not  contribute  to  the  chemical  action,  but  conducts  the  heat  a^a^. 
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77»j?  tight  of  a  flaint  depends  on  aeverol  circrumBtances.  (a.)  In 
cases,  but  not  necosearily,  as  Prank  land  as  shown,  light  depends 
iolid^  incandescent  purttcles.  Thus,  when  solid  particles  are  introduc 
into  the  colorless  flame  of  hydrogen  it  is  rendered  luminous.  Wei 
may.  however^  have  a  luminous  flame  without  solid  particles*  Ai 
bright  light  is  produced,  for  example,  when  metallic  arsenic  is  burnt 
in  oxygen,  although  the  metal  and  the  product  of  its  combustion  ar©j 
both  gaseous  at  the  temperature  of  the  flame.  A  mixture  of  nitrogen 
dioxide  and  carbonic  dieulphide  again,  bums  with  a  luminous  flam6 
(ft,)  Temperature,  Thus  sulphur,  phosphorus,  and  other  bodies  give' 
more  light  when  burnt  in  oxygen  than  in  air.  The  nitrogen  in  the  latter 
not  only  rontributes  nothing  to  the  energy  of  the  combustion,  but 
actually  lowers  the  temperature,  by  removing  the  heat  resulting  from^ 
the  combination  of  the  burning  body  with  the  oxygen,  (y.)  Z)ci»jw7J 
of  the  gasen,  (L)  The  density  of  the  gas  supporting  comhustkm^  Ail' 
alcohol  flame  burns  with  a  very  feeble  light  in  air  at  30^^  Bar.  Pr,, 
but  with  a  good  light  in  an  atmosphere  at  120°  Bar.  Pr.  A  candle 
gives  less  light  on  the  top  of  the  mountain  than  in  the  valley, 
although  the  tallow  may  be  consumed  at  the  same  rate  in  both  cases. 
Thus  tJierea^ed  light  results  from  vondenmng^  and  decreased  light  from 
rwefifing  the  surrounding  atmosphere.  (2.)  Th«  density  of  the  com- 
bustible gas  and  the  product h  tf  the  combustion.  It  would  appear  that 
luminosity  is  closely  related  to  the  vapor  densities  of  the  products,  the 
higher  the  specific  gravity  of  the  products,  the  more  intense  the 
light  Thus,  e.g^  when  hydrogen  is  burnt  in  mr,  it  produces  water,. 
which  has  a  density  of  9  j  whilst  in  Marine^  it  forme  hydrochloric 
acid,  which  has  a  density  of  18-25,  Hence,  the  light  produced  by 
burning  hydrogen  in  chlorine,  is  much  greater  than  that  produced 
by  burning  hydrogen  in  air,  Sulphtu*  burnt  in  oxygen  forms  80« 
(density  32) ;  phosphorus  when  burnt  in  oxygen  forms  P.^O^  (density 
142) ;   hence  the  greater  light  of  the  latter  compared  with  the  former. 

Hie.  color  of  a  fame  depends  on  the  kind  of  solid  particles  it  con* 
tains.  Thus  sodium  renders  a  flame  yellow,  and  lithium  red.  Farther 
there  are  cases  where  the  temperature  of  the  gas  before  combustion.^ 
affects  the  color  of  the  flame,  as  happens  with  carbonic  oxide,  thl^| 
cold  gas  giving  a  blue,  and  the  hot  gas  a  yellowish -red  flame. 

We  may  here  note  that  to  obtain  a  maximum  light  from  any  flame: — 

(1,)  The  mipply  of  air  must  not  be  excemve^  otherwise  combustiod 
will  be  too  complete,  the  luminosity  of  the  flame  being  decreased  fa 
two  roasonSj  (a)  that  the  carbon  particles  are  consumed  before  the 
are  sufficiently  heated  to  emit  light,  and  {(I)  that  the  excess  of  atmo 
spheric  nitrogen  serves  to  cool  the  flamet  thereby  decreasing  iti 
iUuminating  power.  This  is  illustrated  by  blowing  on  a  flame,  or  b| 
increasing  the  draught  by  lengthening  the  chimney. 

(2,)  The  supply  of  air  must  not  he  too  Hmiiedf  otherwise  tha  carb 
!  passes  off  uu burnt.     The  flame  thus  becomes  smoky. 
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Compound  of  Hydbogen  and  Silicon. 
Silicic  Hydride  (H^Si). 

Synonyin. — Hydride  of  Silicon, 

I^eparation. — (l*)  By  decomposing  magnesic  silicide  with  dilute 
hydrochloric  acid.    (Wohler.) 

(2.)  By  passing  a  galvanic  current,  the  positive  pole  consisting 
of  aluminium  containing  silicon,  through  a  sodic  chloride  solution. 

Properties. — ^A  colorless  gas.  When  impure  it  fires  spontaneously 
in  air,  giving  off  white  fiimes  of  amorphous  silica.  The  pure 
gas  does  not  ignite  spontaneously.  It  is  decomposed  by  heat. 
It  precipitates  many  metallic  solutions  but  not  those  of  lead  or 
platinum. 
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Section  IL— The  Metals. 


CHAPTER  X, 

GENEEMi  EEMARK8  ON  THE  METALS. 

Derivation  and  Definition  of  a  MetaJ-^Order  of  Discovery— Natural  Hiftory— 
Physical  and  Sensible  Properties —Cbemical  Propeilioa — The  Oridei — ^Classifl- 
eatioQ  of  the  MetaU. 

Derivation,^^MeVaXXov  a  metaL  The  word  is  found  in  everj  niodern 
languajj^e. 

Defillitioil*'^^^^*'  definition  of  a  metal  is  twofold.  Phf/sieaffy^  **  A 
metal  is  an  opaque  body,  haviag  a  metallic  lustre,  aad  possessing  for 
the  most  part  a  g^ood  condutjting  power  for  heat  and  electricity," 
ChemieuUtf^  *'  it  \n  an  element  capable  of  forming  a  base  by  ita  com- 
bimitifta  with  oxygen,  and  a  ©alt  by  its  combination  with  a  salt^ 
radical,"  ■ 

The    division,    however,     of    inorganic    bodies    into  metals  and" 
metalloids  is,  strictly  speaking,  one  of  c<mvenieiiee  only. 

Order  of  Discovery. — i^^'even  metals  were  known  to  the  ancient 
(viz.,  An,  Ag,  Cu,  Pb,  Fe,  Hg,  Sn) ;  one  was  discovered  in  thehlYeent 
century  (viz,,  SH) ;  two  in  the  sixteenth  (viz.,  Bi  and  Zd);  eleven  i 
the  eighteenth  (viz  ,  As,  Cr,  Co,  Mn,  Mo,  Ni,  Pt,  Te,  Ti,  W,  U) ;' 
tlie  rest  in  the  nineteenth. 

Natural  History* — (a.)  In  the  mineral  kingdom,  the  metals  are 
found  either  (1)  native^  in   a  free  state  as  gold»  silver,  etc.,   or  as 
alloys,  as  e,  g.y  gold  with  silver,  gold  with  palladium,  etc,  ;  or  (2)  in 
combination    with    eiilphur   {galena,    PbS),  with  oxygen  (bajmatite 
PegOj),  or  with  the  haloids  (common  salt,  NaCl) ;  or  (3)  as  oxy-sah 
as  tf.^„  sulphates  (heavy  spar,  BaSO^),  carbonates  (strontianite,  fc§rCOi 
phosphates  (apatite),  etc.     Qh)  In   the  vegetable  kingdom,  sodiJim  and^* 
potassium  are  found  in  all  plants,  and   manganese,  silver  and  lithiam 
in  most,     fy.)  In  the  ammal  kinffflomt  iron  is  found  in   the  blood, 
manganese  in  the  hair,  calcium  in  the  bones,  etc. 

As  regards  distribtilion,  some  are  widely  distributed  over  the  whoh 
crust  of  the  earth  (<?.  j.,  Ca,  Al,  Mg,  Na,  Fe),  whilst  others  are  found 
in  small  quantities  only,  and  in  few  localities.     Usually,  they  occu 
in  cracks  (lodea)^  in  particular  rocks  (as  e,g,t  An,  Ag,  etc.),  whilst  i 
or  her  cases,  ores^  such  as  ironstone,  are  found  in  the  more  recHji] 
sedimentary  formations, 

L  Sensible  and  Physical  Properties, — (l*)  Colm\  ThisTariesi 
folhw8:  —  {a).  Hed^Cii}.    (/>,)  Bright  yellow  (Au).     (y.)  ralajdlur" 
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(Ba).  (3.)  Eeddisli  grey  (Co,  Ni,  Bi).  (e.)  Bluish  (Pb,  Zn,  Cd).  (f.) 
Grey  (Fe,  Mo,  W,  U,  Mn,  8b),  and  (ly.)  White,  which  includes  nearly 
all  the  remainder  (lunar  metals). 

(2.)  Taste  and  smell.  The  taste  of  the  metals  is  usually  astringent 
(metallic  taste).  This  is  probably  dependent  on  some  chemical  or 
electrical  effect  set  up  by  the  action  of  the  saliva,  and  is  often  lost 
when  they  exist  in  combination  (as  NaCl).  They  possess  generally 
but  little  odor.  Iron,  copper,  and  some  other  metals  when  rubbed  give 
out  a  peculiar  smell,  and  arsenicum  when  heated  emits  a  garlic 
odor. 

(3.)  Lustre.  In  their  massive  and  polished  condition,  but  not  when 
finely  divided,  the  metals  generally  possess  a  *'  metallic  lustre,"  de- 
pending on  the  almost  total  reflexion  of  the  rays  of  light  from  their 
surface.  Certain  metalloids,  moreover,  also  possess  a  certain  degree 
of  lustre,  as  e.g.,  iodine,  silicium,  graphite,  etc. 

(4.)  Opacity,  The  metals  are  almost  perfectly  opaque  to  L'ght. 
Fine  gold  leaf,  however,  is  said  to  transmit  a  green  light  (Faraday, 
Med.  G-azette,  Vol.  1,  1845);  silver  leaf,  a  purple  light;  mercury,  a 
blue  light  (Melseus  and  Arago,  Chemical  Gazette,  February  1,  1846) 
We  must  be  careful  not  to  confound  the  passage  of  light  through 
cracks,  accompanied  by  the  phenomena  of  diffraction,  with  the  actual 
transparency  of  the  metal. 

(5.)  Texture,  (a.)  Some  metals  have  a  fibrous  texture  (Fe);  (/3.) 
some  are  lamellated  (Zn,  Bi,  Sb) ;  (y.)  and  some  are  crystalline  (Cu, 
etc.) 

(6.)  Crystalline  Jorm,  Most  metals  may  be  made  to  crystallise. 
The  crystals  may  be  formed  by  such  means  as  the  following : — 

(a.)  By  fusion  and  slow  cooling  (Bi,  Pb). 

(/3.)  By  precipitation  with  another  metal  or  non-metal  (Ag  by  Hg 
or  P ;  Pb  by  Zn,  etc.). 

(y.)  By  sublimation  (As). 

{I.)  By  solution  (Tin  as  in  the  moiree  metallique ;  gold  from  an 
ethereal  solution). 

(c.)  By  electrolysis. 

The  crystals  generally  belong  to  the  cubic  system,  but  they  are 
sometimes  found  in  rhombohedra  and  hexagons,  as  e,  g.,  zinc,  arseni- 
cum, antimony,  nickel.    (Chemical  Gazette,  1848,  p.  165.) 

(7.)  Hardness,  This  varies  greatly,  (a.)  Hydrogen  is  believed  to 
be  a  gaseous  metal,  whilst  (/3)  mercury  is  liquid,  and  gallium  melts 
by  the  heat  of  the  hand,  (y.)  Some  are  so  soft  that  they  can  be 
indented  with  the  nail  (K,  Na).  (^.)  Others  can  be  cut  with  a  knife 
(Pb,  Au,  Ag) ;  (f.)  whilst  the  majority  are  extremely  hard  (Sn,  W,  Fe, 
Ir,  etc.) 

The  same  metal  may  present  great  differences  in  hardness.  Thus 
iron  may  be  rendered  sufficiently  soft  to  be  cut  with  a  steel  saw,  or  so 
hard  that  it  will  scratch  glass. 
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(8.)  Elasticity  and  sonorousness.  The  BOund-giving  power  of  a  hoij 
is  iBtimately  associated  with  its  elasticity,  or  "power  of  retumijkgto 
its  original  shape  when  disturbed,** 

(a. )  Some  metals  are  very  elastic  (Fe,  Mn,  Al*  A^) ;  (/3)»  others  bend, 
but  when  let  go  do  not  return  to  their  original  shape  (Pb,  Sn,  etc.), 
whilst  {y)  others  are  brittle  (As,  Bi,  etc.) 

(9.)  MiilUahilihj,  l  €.,  *'  The  capability  of  forming  thiix  leaves  wheo 
hammered  or  rolled."  (a.)  Some  metals  are  very  malleable.  The 
following  is  the  order  of  the  malleability  of  the  malleable  metals, 
commencing  with  those  in  which  the  property  is  most  marked,  vii:,, 
Au,  Ag,  Cu,  Pt,  Pd,  Fe,  Al,  Sn,  Zn,  Pb,  Cd,  Ni,  Co.  The  aUtaline 
metals  and  frozen  mercury  are  also  malleable,  (/3,)  The  remainiiig 
metals  are  not  malleable. 

(10.)  Ductiiitt/f  I.  e,y  **  The  property  of  being  drawn  into  fine  wire." 
This  property  is  closely  but  not  necessarily  related  to  malleability. 
Iron  is  a  leas  malleable  metal  than  copper,  but  more  ductile.  Tin  is 
less  ductile  than  zinc,  but  more  malleable. 

The  order  of  the  ductility  of  the  ductile  metals,  beginning  with  those 
most  ductile,  is  as  follows— Au,  Ag,  Ft,  Fe,  Cu,  Pd,  Cd,  Co,  Ni,  Al, 
Zn.  Bn,  Tl,  Mg,  Li, 

Some  non-nictaliir  bodie^y  in  a  state  of  fusion,  are  also  very  ductile^ 
such  as  sulphur, 

(11.)  Tevanti/y  i.e.,  "The  property  of  resisting  weight**  This  js 
measured  by  the  weight  a  given  sized  wire  can  support,  the  weights 
being  added  as  nearly  as  possible  within  the  same  time.  Lead  being 
taken  as  1 ,  the  following  numbers  represent  the  relative  tenacity  of 
certain  metals— Pb  1  ;  Cd  1'2;  Sn  1'3;  Au  5*6;  Zn  8*0;  Ag  8*5; 
Pt  13;  Pd  15  ;  Cu  17;  Fe  20.  Thia  tenacity  is  infiuenced  by  many 
circumstances,  as,  €.g,—(a.)  By  the  purity  of  the  metal.  (/3,)  By  the 
temperature.  Thus  heat  diminishes  tenacity.  Iron  is  more  tenacious 
when  heated  to  212^'*  F,  (lOO""  0.)  than  when  cold,  but  when  he-at<?d 
above  this  temperature,  its  tenacity  is  lessened,  (y).  By  anne^tling. 
Thus  the  tenacity  of  gold,  by  annealing,  is  reduced  one-half;  platinumg 
one-third  ;  iron^  one-fourth,  etc. 

(12.)  '*  Britlieness,  r\  e.,  •*  The  property  of  breaking  into  small  pieces 
when  hammered./*  This  varies  greatly*  The  disintegration  of  gold 
or  copper  requires  great  force»  whilst  bismuth  and  antimony  are,  on 
the  contrary,  very  brittle,  Brittleness  is  frequently  influenced  by 
temperature.     Thus,  cold  zinc  is  brittle,  whilst  hot  zinc  is  malleable, 

(13.)  Speri/c  gravity.  This  varies  greatly  from  lithium,  which  has 
one -half  the  spewfic  gravity  of  w*ator,  to  platinum  which  has  twenty-one 
times  its  density^  {See  Table  of  Elements.)  It  will  be  noticed  that 
the  liijhiest  metals,  such  as  K,  Na  and  Li,  are  the  most  oxidizable, 
whilst  the  heaviest ^  such  as  Pt,  Ir,  etc.,  are  the  ieast  oxi disable.  It 
has  been  remarked  that  the  specific  gravity  iaigcrmed  by  hamm 
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|{14*)  Thirmotir  properties,  (a.)  All  mttah  ea-pand  hi/  heat  and  mntract 

\€old.     Lead,  however,  after  it  has  been  heated,  does  not,  on  coolings 

im  to  its  original  size.     Each  metal  possesses  its  own  rate  of 

mansion.     The  expansion  of  the  metals  generally  is  fairly  uniform 

equal  increments  of  heat  up  to  212*^  F.  (100*^  0*),  but  beyond  this 

int  expansion  becomes  irregular. 

(/>.)     All  metah  conduct  heat,  but  their  conductivity  varies.     Thus, 
I  the  conduction  of  silver  be  taken  to  equal  100^  copper  equals  74, 
12*  lead  9,  platinum  8t  bismuth  2»  ete.     In  estimating  the  con- 
Dtivity  of  a  metal  for  heat,  its  speciBc  heat  must  always  be  taken 
into  account, 

(y.)  Fusibility^  i,  e,f  the  change  from  a  solid  to  a  liquid  state  by  the 
■Hon  of  heat,**  {fundo^  I  pour  out). — The  melting  points  of  the 
Ktals  vary  greatly.  Thus,  mercury  fuses  at  —37*9^  F.  (— 38-8°  0.); 
sodium  and  potassium  between  143"-'  and  212°  F.  (60°  and  100^  C); 
silirery  chopper,  and  gold  at  a  bright  red  heat  (1832*^  to  2012°  F  ,  or 
M00°  to  1100^  C);  iron  at  a  white  heat  (2732^  to  4462^  F,,  or  1500° 

■  2500'^  C);  whilst  others,  such  as  platinum^  etc.,  need  the  heat  of 
3ie  oxy -hydrogen  blow-pi pe>  or  voltaic  arc,  to  effect  their  fusion. 

Weldimj  implies  the  union  of  metals  by  pressure,  when  brought  to 
the  pasty  state,  that  is^  a  stage  previous  to  complete  fusion  {t.g.^  Fe, 

(Tl,  Li,  K,  Pd). 
h)    Vohitility,  J.  e.,  *'  the  capability  of  being  converted  into  vapor," 
lo,  I  fly). 
L)  Some  metals  are  volatile  at  ordinary  temperatures  (Hg). 
[2.)  Others  are  volatile  below  redness  (K,  Na,  As).     In  the  case 
arsenicum,  it  volatizes  before  it  melts ;  hence,  in  order  to  effect  its 
fusion,  the  heat  must  be  applied  to  the  metal  under  pressure. 

»(3-)  Others  are  volatile  in  an  ordinary  fire  (Mg,  Zn,  Cd). 
(4.)  Others   are  volatile  by  the   heat  of  the   blast  furnace  (Cu, 
Pb.  Ag). 
K<5.)  Others  are  almoBl^  but  not  absolutely  non-volatile  (as  Au,  Pt). 

■  (^.)  Specific  heat  (see  page  37).  If  it  be  desired  to  raise  the 
■inporature  of  1  kilo,  of  platinum  and  1  kilo,  of  water  rsepectively 
T  degree^  we  should  find  that  it  would  require  31  times  as  much  heat 
to  raise  the  water  as  it  would  to   raise  the  platinum.     This  quantity 

t called  the  epecifc  heat  of  a  metal.     Therefore  if  the  specific  heat  of 
iter  ■=  I ,  the  specific  heat  of  platinum  —  ^  or  0*032. 
If  equal  weights  of  the  metals  be  taken,  the  specific  heat  will  be 
found  to  vartj  with  the  metal ;  but  if  atomic  weifjhts  of  the  metals  be 

ren,  the  specific  heat  (or  atomic  heat  as  it  is  called  in  this  case)   will 
found  in  all  cases  to  be  equuL 
Atfitnic  heat  therefore  is  specific  heat  estimated  not  on  cqtful  weights 
as  1  kilo^  but  on  atomic  weights.     It  may  also  be  estimated  by  multi* 
plying  the  specific  heat  by  the  atomic  weight. 

It  will  further  be  observed  that  the  atomic  weight  of  a  metal  \u  a»^ 
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doubLfiil  case,  may  bo  choclied  by  determining  its  specific  heat, 
relationship  is  not,  liowever,  peculiar  to  the  metab, 

(15.)  EUHrical  Proper i Us,  (a.)  Conductiuiti/,  All  metals  conduct  elec- 
tricity, hut  their  electric  conductivity  is  unequal.     Thus,  the  condiv 
ing  power  of  stlrer  and  copper  is  five  times  greater  than  that  of  i: 
and  platinum,  and  twelve  times  greater  than  that  of  lead.     Hydro^a 
i«  not  an  electrical  conductor,   but  it  is  to  be  noted  that  the  metak 
generally  are  not  conductors  in  a  state  of  vapor. 

(/3.)  Tlie  met  a!  8,  when  liberated  from  their  comiioundn^  appear  at  the  ne- 
^atiue  pole  of  the  battertf. 

(16.)  Magnate  ProjurtieB,  (a.)  Certain  metals  are  magnetic  at 
ordinary  temperatures,  their  magnetic  power  being  generallv 
increased  by  cold  (Fe,  Ni,  Co),  (/3,)  Other  metala  are  attracted 
equally  by  either  pole  of  a  magnet.  If  such  metals  be  suspended  ia 
the  form  of  a  bar  over  the  poles  of  a  horseshoe  magnet,  tliey  arrange 
themselves  axiaUtf ;  that  ia,  witlj  their  ends  over  each  pole  (Fe,  Ni,  Co. 
Mn,  Cr,  Pd,  PtjO.^),  These  metals  are  called  magnetics,  (y,)  Oiher 
metals  are  repelled  by  a  magnet;  when  bars  of  such  metals  arfl 
Guspended  over  the  poles  of  a  horseshoe  magnet  they  arrangt 
Uiemselves  equutariailt;  •  that  is,  contrary  to  the  poles  (Bi,  Sb,  As,  j2a, 
Pb,  8n,  Hg,  Au).     These  metals  are  called  diamagnetics. 

{17.)  Power  of  absorbing  gase^  (occlusion).  Thus*,  platinum  and  iron 
at  a  red  heat  freely  absorb  hydrogen  {Deville  and  Troost).  Platinum 
is  capable  of  absorbing  3*8  volumes  of  hydrogen  at  a  red  heat,  whilst 
pallfidium  absorbs  at  a  heat  below  100°  C.  64^3  times  its  volume. 

This  power  of  hydrogen  ( hydro geuitim)  of  forming  an  alloy,  and  its 
Dear  relationship  in  this  state  to  the  metab  (aSi  e.g,,  its  power  of 
conducting  heat  and  electricity,  its  magnetic  properties,  etc.)  have  led 
chemists  to  regard  hydrogen  gas  as  the  vapor  of  a  highly  volatile 
metal, 

H.  Chemical  Properties* — (l-)  The  metals  being  elements,  resist 
decrimj;tositi<m.  We  shall  consider  first  of  all  their  combinations  with 
axygeo, 

THE  OXIDES- 

All  the  metala  may  be  oxidized,  and  often  in  several  proportioni 
The  oxides   are  closely  analogous    to   the   chlorides;    oxides   beioj 
regarded  as  subatitution  derivatives  of  one  or  more  molecules  of  ILO, 
and  chlorides  as  derivatives  of  one  or  more  molecules  of  HCl,     There 
are,  however,  certain  oxides,  as  PbO^,  without  chlorine  analog: 
The  oxides  generally  are  opaf£ue,  earthy-looking  bodieSj  and  destj 
of  metallic  lustre. 

A  hydroxide  is  a  compotind  where  only  a  part  of  the  hydrogen  uf 
one  or  more  molecules  of  water  is  replaced  by  a  metal*  Thus,  K 
being  a  monad  and  Ca"  a  dyad,  and  Al''  a  hexad^ — 

KUO^potassic  hydroxide  J  CV(  HO )j= calcic  hydroxide  ;  ^^^ 
I  A1V(H0  J6=alumiuic  hydroxide*  ^^| 
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le  soluble  liydroxides  hare  a  Btrong  alkaline  reaction. 

All  metals  except  ^old,  platinum,  indium^  rhodium,  and  ruthenium 
are  capable  of  combining  with  oxygen  directlj ;  that  is,  without  the 
intervention  of  a  third  element.  Their  rapidity  of  oxidation  is 
tajgely  influenced  (a)  By  the  presence  of  moUture^  pure  dry  oxygen 
iiaving  Tery  little  action  on  the  motals  at  ordinary  temperatures, 
axoept  on  the  alkaline  metals;  {/3.)  By  the  temperature;  and  (y.)  By 
he  condition  of  the  metals  themselves ;  that  is,  whether  they  are  in  a 
inely  divided  or  in  a  massive  state. 

It  is  to  be  noted  that  the  tightest  metats  are  those  most  ea^%  oxidiied 
as  Na,  K,  etc.),  and  the  heaviest  metals  those  least  easih/  oxidized  (as 
Lu,  Pt).  Thus  the  attraction  of  a  metal  for  oxygen  ia  inversely  to  its 
pecific  gravity.  W©  may  classify  the  action  of  oxygen  on  the  metals 
m  follows; — 

(A.)  MetaU  that  combine  with  ax^f^en  readily  and  part  from  it  with 
]iffii7ulttf.     Of  these  there  are  several  classes, 

(1.)  Metals  that  combine  with  the  oxygen  of  air  and  water  at 
rdinarif  temperatures^  liberating  hydrogen  in  the  case  of  the  water 
K»  Na,  Li,  Ba,  Sr,  Ca). 

(2.)  Metals  that  combine  with  atmospheric  oxygen  slowly,  and  with 
he  oxygen  of  water  only  when  heated  (Mg,  Zn,  Al,  Cd,  Mn,  Ni,  Co,  Fe). 

(These  metals  decompose  HCl  and  K^SOt  ^^  common  temperatures, 
Lberating  hydrogen), 

(3.)  Metals  that  combine  with  atmospheric  oxygen  very  slowly,  and 
d)fcb  the  oxygen  of  water  only  when  the  metal  is  red-hot  {Sb,  As,  Sn). 
■These  metals  will  not  decompose  HCl  and  H^SO^  at  common 
fcperatures,  but  will  decompose  KHO,  liberating  hydrogen.) 
^4.)  Metals  that  combine  with  atmospheric  oxygen  slowly  at 
rdinary  temperatures  and  rapidly  when  red-hot,  but  will  not 
eoompose  water  at  any  temperature  (Cu,  Pb,  Bi).  These  oxides 
ftnnot  be  decomposed  bji  heat  alone. 

(B.)  Metals  that  combine  with  oxifgen  with  diffiailty  and  pari  from  it 
eudihf  (noble  metals). 

Thus,  in  the  case  of  mercury  both  oxidation  and  deoxidation  may 
^e  easily  eifected  by  heat. 

Preparation  of  Oxides. ^I-  Sffdrated  metnlUe  oxideif.  By  precipi- 
ating  a  metallic  salt  with  an  alkaline  hydrate  ;— 

ZnSO^      +       2KnO        =^         KeS04         +  ZnH.O,. 

^He  milnbjite  -f  Potassic  hvlrate  ^    Polaaeic  sulphate  -\-  llydratt'd  Zindo  odd©* 
■SOeZno''+       20Kll        =         SOJvo„       +  ZoHo.. 

■El.  Anhydrous  oxides*  (1,)  By  burning  a  metal  in  air  or  oxygen^  asin 
le  case  of  Zn,  As,  Pb,  K,  Na.     ( A  proto:rid€  may  often  be  converted 
glo  a  perojidf  by  heating  it  in  a  current  of  air  or  oxygen. 
L)  By  the  ignition  of — 

(a.)  Nitrates^  nitric  anhy  dride  being  expelled  (Hg,Bi,  Cu,  Ba,  8r). 
ifi,)  Carbonates,  CO^  being  expelled.      (This  occurs  with  all 
carbonates  excepting  those  of  Cs,  Eb,  Na,  IS.,  Ba,  lAy 
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roperties  of  the  Oxides.— *(«0  Ph/mcal^etc*    The  oxides  are  solid 
8,  of  various  oolore,  having  generally  a  more  or  less  metaliio 
iste,  but  no  smeli     They  ar©  harder  than  the  metals  from  which 
y  are  formed^  but  of  leas  epeei£c  gravity. 
[ciion  ofhmit  on  metallic  oxides, — (A,)  J^mbilittf.  An  oxide  of  a  metal 
enerally  leas  fusible  than  the  metal.     To  this  general  rule  there 
three  exceptions,  viz.»  FuO|  Or.^O^,  MoOj. 
.)  Some  oxides  are  volatile  at  ordinary  temperatures  (AssO^,  Sb^Oj^ 

i.)  8ome  oxides  fuse  at  a  red  heat  {K^O,  Na^O,  PbO,  Bi^Oa,). 
ii.)  Some   oxides    require    a  white    heat    (CuO,    MoO.,^    Or^Oi,, 

;▼.)  Some  oxides  need  the  heat  of  the  oxy-hydrogen  jet  (BaO,  SrO, 

t)- 

.)  Some  oxides  are  absolutely  infusible  (ziroonia,  yttria), 

L)  Reduction,     At  a  red  heat  ceiiain  oxides  are  completely,  whilst 

are  partially,  decomposed. 
.)  Reduction  in  complete  in  the  case  of  the  oxides  of  Au,  Ag,  "Pt^ 
Hg,  eta 

.)  Reduction  m  parUtd  m  the  case  of  such  peroxides  as  PbO^,  Co^O;,, 
)„  BaOf,  which  by  heat  become  protoxides,  as  Pb"0,  Oo''0,  Ni*0» 
Again,  the  anhydrides  Ab^O^,  and  OrO.^  be<^ome  when  heated 
,  and  OgO;,,  and  MnOg^beoomes  Mn304, 
X)  Heated  in  a  current  of  hydrogen ^  all  the  oxides  may  be  completely 
ced,  excepting  AlgO^,  CrjOj,  MnO,  and  the  oxides  of  the  alkalies 
t  of  the  alkaline  earths.     The  oxides  of  mercury,  silver,  platinum 
j:gold,  are  reduced  at  212*^  F.  (100^  0),  and  the  rest  at  a  red  heat, 
iple— (CuO-h  H^^Cu+HgO). 
[Note  here  reciprocal  action.     Free  hydrogen  reduces  the  oxide  of 
forming  steam  ;  steam  passed  over  red  hot  iron  yields  oxide  of 
\  and  free  hydrogen.] 

>.)  Heated  with  carbon,  all  the  oxides  may  be  reduced,  except  the 

I  of  lithium  and  the  oxides  of  the  earth-metals.     In  the  case  of 

idily  oxidizable  metals  (as  K,  Zn,  Fe),  CO  is  evolved,  the  CO^ 

it  produced  being  afterwards  decomposed  ;  but  with  the  less  readily 

able  metals  (such  as  Cu,  Pb,  etc.)  the  COj*  is  evolved  without 

ag  further  decomposition. 

tction  ffelertriciti/  on  tnetallic  oxides.    The  protoxides  are  insulators, 

lilat  some  of  the  peroxides  are  conductors. 

Action  of  Water  fm  the  Oxides. — The  oxides  of  the  alkaline  metals, 
j;etber  with  the  oxides  of  barium^  strontium,  calcium,  and  thallium^ 
,d  the  hydrate d  acid  oxides^  are  freely  soluble  in  water ;  the  oxides 
lead,  silver,  and  mercury,  are  ehghtly  soluble,  and  the  remainder 
•  iniolable. 

host  oxides  unite  chemically  with  water  to  form  hydroxides,  or 
Kated  oxides.    All  hydroxides  neutralise  acids.    In  &om^  ca;&^  \k^ 
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metal  will  not  part  with  its  water  molecule  at  any  temperature,  as  m 
the  cfine  of  the  alkaline  hydrates,  whilst  in  the  case  of  other  hydrates 
heat  wiU  easily  effect  the  separation. 

(/3.)  ChemicaL — ^The  chemical  properties  of  the  oxides  are  Tery 
varied,  depending  to  a  great  extent  on  the  different  degrees  of  oxida- 
tion of  which  the  metal  is  capable. 

Thus  of  the  oxides  of  manganese,  MnO  and  MD2O3  are  basic  oxideSf 
Mn^O^  18  an  indifferent  oxide  (that  is  neither  basic  nor  acid),  wMkt 
MnOj  and  MnoO^  are  acid  oxides.  As  a  rule  the  higher  the  oxide  the 
less  basic  it  becomes. 

Action  of  Chlorine  on  the  oxides. — All  metallic  oxides  are  decsomposed 
when  heated  in  an  atmosphere  of  chlorine  except  magnesia  and  the 
oxides  of  the  earths.  The  metal  is  reduced  in  the  case  of  the  oxides 
of  the  noble  toetals^  whilst  in  other  cases  a  metallic  chloride  ia  formed. 
Chlorine  decomposes  certain  oxides,  as  Ag^O,  at  ordinary  temperaturaa 

With  the  hydrated  oxides  euspended  in  water,  chlorine  forms  in 
the  case  of  the  alkalies  and  alkaline  earths  bleaching  compounds  (see 
page  280)^  whilst  with  the  hydrated  oxides  of  iron,  manganese,  chro- 
mium, cobalt,  and  nickel,  it  forms  either  a  mixture  of  a  chloride  and  i 
hydrated  sesquioxide  (SCoHoO^+CL^CoCL  +  Co.^HgO^) ;  or  if  the 
liquid  be  strongly  alkaline,  a  metallic  sestjuioxide  only  (2CoH^0£-i- 
2KH0-hClg==Co.Ht,0^-f  2KC1) ;  or  if  the  metal  he  capable  of  forming 
an  acid,  a  salt  results  by  the  action  of  the  acid  on  an  excess  of  the 
alkali  (FeJV>(,+  lOKHO  +  3Cl,,==2K.Fe04+  tJKCl-h  8HX>). 

Action  0/  sulphur  on  fM  orideft, — At  high  temperatures  sulphur  decom- 
poses most  metallic  oxides,  with  the  exception  of  HgO,  Al^Oj,  Cr^Oi, 
SnOg,  TiOtP,  and  the  oxides  of  the  earths  proper.  In  most  caset  a 
sulphide  is  formed,  and  SOg  escapes;  •whilst  in  the  case  of  thf 
oxides  of  the  alkalies  and  alkaline  earths,  a  mixture  of  a  mlphide  and 
a  mifphrte  of  the  metal  is  formed. 

Action  of  nascent  htfdrogen  on  the  oddrs. — Most  oxides  are  de 
posed  by  nascf^ut  hydrogen. 

Action  of  acids  on  the  im'taUiv  oxides, — (1.)  Hydi*ochlor%€  aad.^JL 
most  cases,  water  and  a  corresponding  metallic  chloride  are  forms 
Thus— 

Cuprous  oxide  forms  cuprous  chloride  (CujO-f  2HCl=Hj>0-|-CttgC 

Sesquioxides  form  setiquichhrides  {YeoO^-\-  GliCl^SSfi -{-Fe/J\^y 

Binoxides  form  tetrachlorides  (SnU2  +  4HCl=2H20  +  SnCl4). 

If  chlorides  corresponding  to  the  oxides  do  not  exist,  other  chfi 
result  J  thus,  in  the  case  of  the  following  oxides,  the  following 
actions  occur: — 

Antimonic  oxide;  Sb^O^^  +  eHOl^aHgO  +  aSbCl,. 
Dimafi^anic  trio.Tid4 ;  Mn^Os  +  6HC1= aH^O  +  2MnCls  +  ^ 
M  Manganic  pet  oxide ;   MnO^+  1  HC1=2H^0  -f  MnOlj  +  CL. 

B  Chromic  amhudrid^ ;  2CTi\  +  1 2HC1=  riH,.0  +  OgCV,  +  3( 

Bf^*)  "Sf^Z/^^f^H^^^^B^ulphuric  acid  combines  with  ba»ic  < 
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form  saltSy  the  oil  of  yitiiol  displacing  all  other  acids  with  which  the 
»xide  may  be  united ;  whilst  on  either  indifferent  or  on  add  oxides  the 
iulphuric  acid  causes  an  escape  of  oxygen,  and  combines  with  the 
base  formed.    Thus— 2MnOj+  2Hg804=2MnS04+ 2H^jO + Oj. 

In  all  cases  when  sulphuric  acid  acts  on  oxides,  water  is  formed,  whilst 
^hen  it  acts  on  metals,  hydrogen  is  liberated. 

(3.)  Hydro-sulphuric  acid  (H^S).  —  Most  metallic  oxides   (except 
nagnesia,  alumina,  and  chromic  oxide)  are  converted  by  H^S  into 
mlphides  or  sulph-hydrates  of  the  metal  and  water — 
PbO+H«S=PbS+H«0. 


We  may  now  return  to  the  metals  themselves^  and  consider  their 
ither  chemical  relations. 

(2.)  Action  of  the  haloid  elements. — Chlorine  combines  directly  with 
kll  the  metals,  often  at  common  temperatures  (as  e»g,,  with  Sb),  but 
inder  all  circimistances  by  the  application  of  heat  {see  page  75).  Bro- 
line,  iodine,  and  fluorine  also  combine  with  most  metals  directly. 

(3.)  Action  of  carbon. — ^Iron,  manganese,  palladium,  iridium,  and  a 
3W  other  metals,  form  compounds  with  carbon,  called  carbides.  The 
eurbides  are  generally  more  fusible  than  the  metals  themselves. 

(4.)  Action  of  phosphorus. — Phosphorus  combines  with  the  metals 
>  form  phosphides. 

(5.)  Action  of  nitrogen. — The  affinity  of  nitrogen  for  the  metals  is 
ig^ht,  the  compounds  formed,  called  nitrides,  being  usually  explosive 
ad  difficult  of  examination.  They  are  generally  prepared  by  the 
3tion  of  ammonia  on  various  oxides  (Au,  Ag,  Pt,  Cu,  Hg,  Fe),  but 
I  the  case  of  vanadium,  titanium,  and  molybdenum,  direct  union  of 
le  metal  and  nitrogen  may  be  efl'ected. 

(6.)  Action  of  hydrogen. — Hydrogen  forms  hydrides  with  five  metals 
^B,  Sb,  Cu,  Fe,  K).  The  hydrides  of  arsenicum  and  antimony  are 
aseous,  and  are  completely  decomposed  by  a  red  heat.  A  solid 
ydride  of  arsenicum  is  believed  to  exist. 

(7.)  Silicon,  boron,  selenium,  and  tellurium  also  combine  with  certain 
r  the  metals  to  form  silicides,  borides,  selenides  and  tellurides. 

(8.)  Action  of  water  on  the  metals  : — 

(a.)  Certain  metals  decompose  water  at  common  temperatures  (K,  Na^ 
i,  Ba,  Sr,  Ca). 

(/3.)  Others,  when  the  water  is  boiling  (Mg,  Al,  Cd,  Mn). 

(y.)  Others,  when  the  metal  is  red  hot  (Sb,  As,  Sn,  Zn,  Fe,  Or, 
o,  Ni). 

(3.)  Others,  when  the  metal  is  white  hot  (Al,  Pb,  Bi,  Cu),  whilst 

(f.)  Others  do  not  decompose  water  at  all  (the  noble  metals). 

The  action  of  the  metids  on  water  is  modified  (1)  by  the  presence  of 
tV,  whereby  the  action  of  a  metal  on  water  is  rendered  more  ener- 
Gtic ;  and  (2)  by  the  contact  of  two  metals,  whereby  a  galvanip  current 
i  set  upi  and  the  energy  of  solution  intensified. 
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(9.)  Action  of  the  acids  on  rmtuU. — (A,)  Sulphuric  acid  :^ 

(a.)  Sulphuric  anhydride  cannot  be  made  to  combine 
the  metals.  ^^ 

(jl.)  The  concentrated  acid  acts  on  very  few  metak  vnl^B 
wMst,  ^ 

(y,)  The  dilute  acid  acts  on  most  metals  at  ordinarj  tempen 
t  metallic  sulphate  being  formed  with  the  liberation  of  hjdroge 
Fe,  Co,  Ni,  Mo), 

(5.)  In  certain  ca^ea  heat  is  required  to  bring  about  combi 
with  the  dilute  add,  when  a  metallic  sulphate  is  commonly  J 
and  sulphurous  acid  liberated  (Ag,  Cu,  Hg,  As,  8b,  Bi,  Si 
(AgeH-  2(  H,SO,)=Ag^SO^-h  2H.0-!-  SO,),  jM 

(c. )  The  acid  (strong  or  dilute)  has  no  action  on  gold,  fH 
rhodium  I  or  iridium.  Thus,  sulphuric  acid  is  used  to  part  bUtq 
gold,  and  gold  from  copper, 

{C')  When  the  vapor  of  sulphuric  acid  is  passed  over  t< 
platinum,  it  is  decomposed  into  oxygen  and  sulphurous  acid  (see 

(B,)  Nitric  acid  Nitric  acid  dissolves  most  metals,  and 
readily  when  dilute  than  when  concentrated,  (<i.)  Upon  ^ 
platinum  nitric  acid  has  no  action;  whilst  (A.)  tin  and  antimony  i 
dissolved  but  oxidised  by  nitric  acid,  the  insoluble  anhyd 
and  SbgO^  being  formed. 

We  may  here  note  that  dilute  sulphuric  acid  by  its  action  ra 
usually  liberates  hydrogen,  but  that  nitric  acid  does  not  No 
however,  hydrogen  is  in  the  first  instance  set  free,  but  owing 
intense  action  of  the  nitric  acid  the  hydrogen  formed  is  rapidly  o3 

Many  products  result  from  the  action  of  nitric  acid  on  the  i 
of  which  we  may  note  the  following  : — 

(a.)  Nitrons  oxide  (N^O).     By  the  action  of  the  dilute 
energetic  metal,  such  as  sine  : — 

4Zn  +    lOHNO^,  =    4(Zn2NO,,)    +   blljd 
Zinc    +    Nitric  acid    ^    Zinoio  nitrate    -f    Water 

4Zn  -h    10N(\Ho=    4|  Jj^^Zno^-f    SOH, 

(/3,)  Nitric  oxide  (NoO^).      By  the  action  of 
gravity  1*25  on  such  metals  as  Cu  and  Hg ; — 

3Cu     -t-    8ITN0,,    =    3(Cu2NO,)        +  4HsO  -f 
Copper    -f    Nitric  acid   ^    Cupriu  nitrate  +    Water    +    Nitifc 


3ri^ 


KitrouBoiil 


.,  +       OK 
an  add 


] 


8Cu      +     8NOoHo:=    3 


(y,)  Nitrous  anhifdride  {N2O3) 
or  palladium : — 

2Ag«  4-    6HN0.t  =     4AgK03 
SilTer  4*  Nitric  a<ud  ^  Argentic  mtrate 


6NO.Ho= 


Ug^ouo' .f40H,+  {go: 

By  the  action  of  the  add  oq 


4-  3H3O  4.         N A. 
-}-  Water  -j-  Nitrous  anlijdru 

NO. 
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(B*)  Mtric  peroMtU  (N2O4),    By  the  actiozi  of  an  add  of 
ravity  1'42  on  tin,  copper^  etc.  :^ 

5Sn+  2OHNO3    =  SngOio,  5H2O   -h  5HeO  +       lONeO^, 
Tin  -f  Nitiic  acid   -=.  M«ta«Uimic  acid    -f-  Water   -|-  NitHc  Peroxide. 
5Sn+  SONO.Ho^Sd^O^Hoio  +  -^Oa,  +       lON.O^. 

(«.)  Nitrogen,     By  the  action   of  the   acid   on   copper  at  a  high 
emperature : — 

60n  -f-  I2HNO3  =  5(Cu2NOi)  +  6H2O  4-  N^. 
(f .)  Ammonia  (NH3).  Any  meted  capable  of  decomposing  water 
rill  generate  ammonia  in  dilute  nitrio  acid,  (a)  In  the  first  stage  nas- 
&nt  hydrogen  is  set  free;  {jl)  this  reacts  on  tbe  nitric  aeid^  forming 
rater  with  the  oxygen,  and  ammonia  with  the  nitrogen  ;  (y)  and  lastly, 
le  excess  of  ammonia  combines  with  the  excess  of  acid.    Thus ; — 


(«.) 


03.) 


2HN0, 

Nitric  acid 
2NO2H0 

2HN0, 

Xitric  a«id 

2HN0, 

Nttrie  acid 
2NO,Ho 


+ 

+ 

+ 


Zn       = 

Zinc         ^ 

Zn       ^ 

9Ha      = 

Hydrogen  ^ 
9H,      ^ 


Zn2N03 
Zincic  riitrat© 

NsOiZno" 

•2NH, 

Ammonia 

2NH3 


Hydrogen. 

Water. 
60Hj. 


(y.)     2HN0,^      +    2NHs   =-  2(NH40,  NOi). 

Ammociia    ^  Ammotiic  mtratti. 

2NH,   ^  2N02(Nn/)). 

(CO  Ilydroi'hhnc   acuL     The  affinity  of  a  metal  for  chlorine   19 

>inewhat  greater  than  its  affinity  for  oxygen ;  hence  the  action  of 

hydrochloric  acid  on  a  metal  is  always  a  little  in  excess  of  the  action 

water  on  a  metal.     All  metals  that  decompose  water  at  a  red  heat, 

:>mpo8e  hydrochloric  acid,  hydrogen  being  liberated  and  a  chloride 

the  metal  formed  (2H01-|-Zn=^ZnCls5-f  B^).     It  is   to   be  noted 


(a.)  Stiver  does  not  decompose  water  at  any  temperature,  but  is 
9wli/  decomposed  and  dissolved  by  strong  hydrochloric  acid* 
(^.)  Gold  and  piiitinum  are  not  acted  on  by  hydrochloric  acid  nnless 
98  chlorine  be  present, 

(D.)  Nitro-muriatic  acid  (aqua  regia).     This  is  a  mixture  of  on© 
rt  of  HNO3    and  three  parts  of  HCl,      Ghold,  platinum  and  the 
^o^le  metals  generally   are  dissolved  by  it,  free  chlorine,  together 
ith  red  fumes  {viz.^  the  oxy-chlorides  of  nitrogen  NOOl  and  N0C1«) 
being  evolved. 
(E.)  Hifdromlphunc  acid  (sulphuretted  hydrogen). 
{u*}  On  certain  metals   sulphuretted    hydrogen   acts   at  ordirmry 
nperatur^i  (Hg,  Ag)  ;  whilst 

(j3.)  On  other  metals  the  action  does  not  ooour  without  heat,  when 
16  displacement  of  the  hydrogen  irom  the  Hj^S  may  be,  either 
(1.)  Complete^  &8  e.g.,  B^S  +   8n    —  S118        +   H^,  or 
(2.)  Partial,  aa  e.g.,  2H.H   +    2K  =  2KHJ3  ^  H^. 
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(10.)  Action  ofalkaliea.  Oertain  metals  moh  as  iron  and  oopper 
when  red  hot  decompose  ammonia  gas.  When  potassium  is  gently 
heated  in  dry  ammonia,  KH^N  is  formed,  whieh  is  r^^arded  by  some 
as  a  substitution  deriyatiye  of  H^N,  and  by  others  as  a  oomponnd  of 
potassium  and  amidogen  (H^N). 

Platinum  as  well  as  other  metals  are  oxidised  when  heated 
with  potassic  hydrate. 

Classification  of  the  Metals. —  The  dassifioation  of  the  metals 
according  to  their  atomicity  has  manifest  advantages.  The  table 
(page  42)  illustrates  their  arrangement  accordingly. 

We  prefer,  howeyer,  (regarding  the  primary  object  of  dassifioation 
as  convenience,)  to  adopt  simply  a  division  into  the  various  groups 
occurring  in  the  ordinary  process  of  systematic  analysis,  commencing 
with  Group  YI.  {the  alkaline  metals)  and  working  badcwards. 
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CHAPTER  XI. 
ALLOYS  AND  SALTS. 

&ngei  in  property  effected  by  Alloying— Acidt—BAsea^jilta.  Makid 
Salt9—Chlonde$^  Bromid««,  lodidea,  Fluoride*,  Sdpliides,  Solenidcs,  Phosphides, 
Carbides,  Boridei,  Siliddes,  Oxy  •  Setlta — Stilphates,  Selen^tDe^  Chromates, 
fa]iganat«fl,  Tangatates,  Holybdates^  TelltiratGs,  llypoaulphates,  Thiosulphates, 
Bulphitea,  Hyposulphfttes,  Nitrates,  Nitritee,  Hyponitrites,  Chlorates,  Bromntes, 
lodatea,  Perohloratefl,  Periodates,  Chloritea,  Hypochlontes,  Phosphatee,  Hypo- 
phoaphitee,  Phoaplutes,  Aneoatea^  AntimoiLAtea,  ArBezdtea,  Carbonates,  Silicates, 
Borates.    DoubU  SalU. 

We  proceed  to  consider ; — 

I.  The  compounda  of  the  metals  with  metals  (alloys). 

H,  The  compounds  of  the  metala  with  the  metalloids  (salts). 

ALLOYS  («<^  to,  and  %o  I  bind). 

Dofinitioil* — An  alloy  is  a  compound  formed  by  the  union  of  metals 
aongat  themselves.     If  the  aOoy  contaiuB  mercury  It  is  then  called 
(tmalffam. 

Art"  the  alloy 9  mere  fmchanical  miarfwree,  or  are  they  chemical  compounds  f 

Po  answer  this  question  we  must  ask,  Is  there  any  evidence  of  definite 

inye  resulting  from  the  admixture  of  metalB,  such  as  happens  in  tho 

idmixture  of  motalloids  ?     Matthiessen   (who   has  specially  studied 

the  subject  of  alloys)  considers  that  alloys  may  be  divided  into  two 

,clasaes : — 

(1.)  Phymal  AlloySy   or  mere  mechanical  mixtures  of  metals,  in 

rhich^  at  the  time  of  mixture,  no  heat  is  evolved,  and  where  each 

letaJ  imparts  to  the  alloy  its  properties  in  the  proportion  in  which 

exists  m  the  alloy.     As  Olustrations  of  this  class  we  may  mention 

r  mixture  of  lead  and  tin,  or  of  zinc  and  cadmium. 

(2.)  Chemical  AUoySj  i.<?.,  where,   at  the  time  of  mixture,  heat  is 

solved,  and  where  the  metals  forming  the  alloy  do  not  impart  their 

properties  to  the  alloy  in  the  proportion  in  which  they  exist  in  it 

i  class  includes  alloys  of  all  the  metals,  excepting  mixtures  of  lead, 

zinc,  and  cadmium  amongst  tliemselves. 

Definite  compounds  no  doubt  exiat ;  necessarily,  however,  as  intensity 

Df  combination  largely  depends  on  dissimilarity  of  property,  the  ties 

i>f  union  are  weak,  and  tlie  separation  of  the  components  easy.    Thus 

[1 )  heat  will  drive  off  zinc  from  its  alloy  with  copper,  or  arsenicimi 

Dm  its  alloy  with  platinum;   whilst  (2)   slight  mechanical  causes, 

iich  as  the  mere  squeezing  through  leather,  will  remove  the  excess 

df  mercury  from  a  mixture  of  mercury  and  silver. 
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Change  of  property  is  the  essential  result  of  a  chemical  act    We 
shall  consider  now  the  changes  that  result  in  the  formation  of  alloys. 


L — Chju^oss  m  THE  Sensiblb  Am>  Phtbicull  PfiOPERTrEa  of  Allots. 

(tt,)  Color,  Thus  the  addition  of  18  per  cent,  of  nickel  to  brasB 
renders  it  white  (Packfong»  or  German  silver).  Similarly,  an  aDoyof 
araenicnm  with  copper,  or  of  platinum  or  palladiam  with  gold»  renders 
the  copper  and  the  gold  white.  The  aUoy  of  gold  and  ailyer  haa  a 
pale  greenish  tint. 

(/3.)  Mardne^s,  The  hardness  of  an  aBoy  is  usually  greater  than  the 
mean  hardness  of  the  conBtituent  metals.  Thus  a  little  copper  (8*33  peir 
cent.)  is  added  to  the  gold  used  for  coinage,  in  order  to  increase  the 
hardness  of  the  gold*  The  alloy  of  tin,  lead,  and  antimony  forms  the 
hard  tijpe-metaL  The  alloy  of  copper  and  zinc  forms  a  hard  compoirodj 
that  may  be  cast  or  turned.  The  alloy  of  copper  and  tin  forms 
very  hard  bronze.  Manganese  or  tungsten  increase  the  hardnesB 
steel  to  so  great  an  extent,  that  the  alloy  may  be  used  for  borin 
through  steel. 

(y.)    ElmikiUf   and    Sonorouintsi*     An   alloy    of   copper   and 
(=€u(5Sn),  or  of  copper  with  zinc  or  lead  constitutes  the  sonoroa 
bM-mctal. 

(B.)  Malkahilittf.  The  malleability  of  a  metal  is  usually  decreased bj 
alloying.  Thus,  if  0*6  gr.  of  lead  be  added  to  1  oz.  of  gold, 
destroys  its  malleability.  If  melted  gold  be  kept  for  some  time,  evo 
in  the  vicinity  of  melted  tin,  it  becomes  britUe.  The  alloy  of  i 
malleable  metals  may  form  a  brittle  alloy  (tf.^.,  gold  and  lead)  j  but 
no  case  is  known  where  the  alloy  of  two  brittle  metals  forma  other 
than  a  brittle  alloy.  A  mixture  of  copper,  zinc,  and  platinum  imm 
a  very  malleable  alloy  ;  but  if  a  trace  of  iron  be  added,  in  the  ] 
portion  of  0-5  gr.  to  4  oz.  of  the  alloy ^  it  renders  it  brittle. 

(f.)  Tmuicii^.    This  is  both  increased  and  diminished  by  alloying. 
-  (1.)  IncreaEed*     If  a  gold  wire  be  taken  that  will  bear  a  strain  i 
25  lbs.,  it  will  be  found  that  a  aimilar  sized  one  of  copper  will  bear  i 
strain  of  25-30  lbs.     If  now  a  wire  of  the  same  gauge,  made  of  at 
alloy  of  gold  with  8*4  per  cent,  of  copper  be  tested,  it  will  be  fotmdj 
to  bear  a  strain  of  from  70-75  lbs. 

(2.)  Diminished.     If  a  copper  wire  be  taken  which  bears  a  strain  of 
from  25  to  30  lbs.,  the  same  sized  tin  wire  will  be  found  to  beai  i 
fltrain  of  less  than  7  lbs.,  whilst  a  wire  formed  by  the  alloy  of  o^u 
parts  of  tin  and  copper  will  not  bear  a  strain  above  7  lbs. 

(f .)  Specific  Gravity,    The  gravity  of  an  aUoy  may  be  either  abm$  < 
Mow  the  mean  of  the  gravities  of  its  constitaents.    Standard 
<K)naisis  of  U  parts  of  gold  and  1  of  copper,  the  specific  gravity  oft 
alloy  being  17 "157,  the  mean  specific  gravity  being  18*47. 

(^.)  Thetmeiic  pfvpcrties*     The  fusing-polnt  of  an  alloy  ia  in^ 
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'  below  the  mean  fufling  pointa  of  its  constituents,  juet  as  the  fusibility 

of  double  chlorides,  carbonates,  or  ailicatedi  is  generally  lower  than 

j  the  separate  salts  of  which  these  double  salts  are  composed.    Thus  an 

lalloy  of  four  parts  of  bismuth  (which  fuses  at  507^  F.,  or  264^  C), 

[2  of  lead  (which  fuaes  at  607""  F*,  or  309*6°  C.)»  and  one  of  tin  (which 

fuses  at  442°  F,,  or  227 '8^  C),  a  mixture  nearly  corresponding  to  the 

Pformula  Bi^PbSn  melts  below  Sl^''  F.  (100'^  0).     Platinum,  which  ia 

very  difficult  of  fusion,  melts  easily  when  alloyed  with  areenicum. 

In  the  extraction  of  silver  from  lead  by  Pattinson's  process  (see  Index)^ 

it  ie  found  that  the  part  which  cools  last  cootaius  nearly  all  the  silver, 

owing  to  the  greater  fusibility  of  the  alloy  of  lead  and  silver. 

(0.)  The  conductivity  of  metals  far  heat  and  elfctridtf/  is  usually  de- 
creased by  alloying. 


U,  Chasoes  ur  the  Chemical  Propbbties. 


I  These,  it  must  be  acknowledged,  are  not  well  marked* 
(I.)  A  certain  chaf\g€  in  the  capahtUtt/  of  a  metal  for  oxtdatitm  may  he 
oted  09  the  result  of  alloying.     An  alloy,  e.g^  of  two  oxidizable  metals 
^^such  as  an  alloy  of  lead  and  tin)  is  generally  more  readily  oxidized 
than  either  of  its  constituents. 

(2.)  A  change  in  the  action  of  acids  may  he  rmwrked.     For  example 

I -^German  silver  is  completely  soluble  in  dilute  sulphuric  acid, 
although  the  acid  will  not  attack  copper,  which  is  one  of  its  chief  con- 
iRtituenta.  An  alloy  of  1  part  of  platinum  and  12  parts  of  silver  is 
soluble  in  nitric  acid,  in  which  free  platinum  is  insoluble.  Further^ 
the  presence  of  iridium  and  rhodium^  as  commonly  occurs  in  commercial 
platinum,  renders  the  platinum  leee  easily  attacked  by  chemical  re- 
Lagenta. 

H  SALTS. 

^"  Acids,  Bases,  Salts, 

Chemical  nomenclatare,  prior  to  1786,  was  both  unsystematic  and 
imperfect.  Acetic  acid  to  the  older  chemists  was  a  mineral  acid, 
because  it  waa  sour.  A  salt  was  regarded  as  a  solid,  crystalHzable 
substance,  soluble  in  water. 

In  1786  Lavoisier  defined  an  acid  as  ^*  an  oxidised  body,  sour,  capable 
of  reddening  vegetable  blues  ^  and  of  combining  with  and  neutralising  alkalies  J* 
All  the  acids  known  to  Lavoisier  contained  oxygen  ;  he  regarded  this 
element,  therefore,  as  the  acidifying  principle  of  an  acid,  and  essential 
its  existence  (acid-begetter),      A   salt  Lavoisier  defines   as  **  t/te 
\tmon  of  an  acid^^*  that  is  an  anhydride,  as  we  call  it,  but  which 
liavoisier  and  his  school  regarded  as  an  acid,  **  with  an  ovide  of  a  metaV* 
t(a  base).     Thus  K0,S03,  formed  the  salt  sulphate  of  potash.     This 
[>iistitnted  *'  the  dttaliatu-  theory  of  Baits  J' 
Ifl  1795  Sir  H,  Davy  jKjinted  out  that  the  very  type  of  aaltiB  (,w» 
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common  salt)  oontaiaed  neither  add  nor  base,  and  that  there  ww«  | 
bodies  in  exlBtence  corresponding  to  LavoiBier's  definition  of  an  acid,  i 
except  that  they  contained  no  oxygen.     Hence  Lavoisier's  definition 
of  acids  and  salts  had  to  be  modified.      Acids  were   oonsecjuenlly 
divided  into  two  classeSy  and  salts  into  two  classes;  r'lz, : — 

(1.)  OxyociiU  ;  bodies  containing  oxygen,  which,  combined  with  an 
oxide  of  a  metal  (a  base),  formed  oxf-saUa. 

(2.)  Htfdracids ;  bodies  in  which  hydrogen  was  an  essential  ingre- 
dient, tbe  combination  of  the  radical  or  diaracteristlc  element  of  which 
with  metals,  formed  haloid  salts. 

In  1S12,  that  is^  very  shortly  after  the  discovery  of  chlorine,  Davy 
recognized  the  similarity  in  the  action  of  oxyacids  and  of  hydraeids 
on  metals.  jHe  further  pointed  out  that  all  acids  contained  hydrogen, 
and  that  an  anhydride  was  not  an  acid.  He  suggested  that  all  adds 
were  salts,  and  that  all  salts  were  compounds  of  a  radical  (simple  or 
compound)  with  a  metal.  He  thus  laid  the  foundation  of  **  Tht 
Binary  Theory  of  Salts"  Lavoisier's  *' DualiHic  Theory^'  expteBMi 
nitrate  of  potash  as  KO.NOg,  or  a  compound  of  the  acid  (as  he  r^ 
gaided  it)  NOj  and  the  base  KO;  whilst  Davy's  "  Binaty  Th$ory" 
expressed  it  as  KNO5,  or  a  compoimd  of  the  metal  potassium  (£} 
with  the  acid  radical  N(\>.  Moreover,  Davy  remarked  a  close  simi- 
larity of  constitution  between  oxy-salts  and  haloid  salts^  aa,  for  ex- 
ample, between  KCl  and  KNO^ 

In  1819,  Berzelius  introduced  his  Electro- Chemical  Theory,  accord- 
ing to  which  he  regarded  salts  as  oompoimds  of  an  electro-nsgatm 
(that  is,  a  body  attracted  by  the  poaitim  pole  of  a  battery),  and  aa 
ehciro-posiUve  (that,  is,  a  body  attracted  by  tbo  negatii^e  pole).  All 
the  metalloids  (excepting  hydrogen)  were  electro-negative;  all  the 
metals  (including  hydrogen)  were  electro-positive.  This  much  re- 
mains a  fact,  viz. J  that  the  elements  differing  most  in  their  chemical 
relationships  usually  exhibit  the  greatest  activity  of  combination; 
but,  that  the  chemical  functions  are  determined  exclusinehf  by  the 
electrical  relationships,  has  been  disproved  by  the  discoveries  of  1834 
and  following  years.  For  the  laws  of  substitution  (introduced  and 
elaborated  by  Dumas,  Qaj  Lussac,  Laurent,  Gerhaidt,  etc.)  prove 
the  possibility  of  an  electro- negative  body  like  chlorine  taking  the 
place  of  an  electro -positive  body  like  hydrogen  in  a  compound.  The 
<*  theory  of  types**  was  then  called  in,  to  aid  the  **  theory  of  subrti' 
tution,"  thus  paving  the  way  for  the  fuller  acceptance  of  DavyV 
"Binary  theory.'* 

We  shall  here  discuss  the  definitions  of  (I.)  an  acid^  (II.)  a  battf      I 
(HL)  a  salt,  1 

I  Acids  (ttJP?!  a  point).  ! 

An  Acid  ia  '^  a  compound  cmiaimng  tme  or  mcr$  atoms  of  hydro^m.     . 
I  mpaik  a/ disjylaccmmt  by  a  metal  presmitd  io  it  in  the  form  ofah^drmt*'*U 
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Adds  are  of  different  basicities,  according  to  the  number  of  atoms  of 
displaceable  hydrogen  they  contain. 

A  monobasic  acid  contains  one  atom  of  displaceable  hydrogen,  that  is, 
of  hydrogen  that  may  be  displaced  by  a  metal,  e.  g. : — 

HNO3  (liitric  acid)  forms  KNO3,  NaNOg,  Ca''2(N03). 
HCa  (hydrochloric  acid)  forms  KOI,  Nad,  Ca^'Clg. 

A  polybasic  acid  contains  two  or  more  atoms  of  displaceable  hydro- 
gen. It  is  called  dibasic  when  it  contains  two  atoms  of  displaceable 
hydrogen  {e.g.,  H28O4);  tribasic  when  it  contains  three  atoms  (e.g.f 
H3PO4) ;  and  so  on. 

Types  of  different  Acids. 

(1.)  (a.)  A  monobasic  acid  has  been  regarded  as  formed  on  the  type 
of  a  single  molecule  of  water  (  g;  I  0  J  where  one  hydrogen  atom  of  the 

water  molecule  has  been  displaced  by  a  compound  monatomic  radical. 

(/3.)  The  anhydride  o/such  monobasic  acid  is  regarded  as  formed  by 
the  displacement  of  both  hydrogens  of  the  water  molecule  by  two 
molecules  of  the  compound  radical. 

(y.)  Tlie  salt  of  a  monobasic  acid  is  regarded  as  formed  by  the 
displacement  of  the  second  hydrogen  atom  of  the  acid,  by  a  metal. 

This  will  be  seen  as  follows : — 

(a.)    g^«}0  =  HN0.,(a«rf). 
03.)    ^^'^^0  =  1^,0,  {anhydride). 

(y.)  ^^*jo  =  KNO3M0. 

(2.)  (a.)  A  dibasic  add  has  been  regarded  as  formed  on  the  type  of 

a  double  molecule  of  water  (g*  i  Ogj,  where  two  hydrogen  atoms  of  the 

double  water  molecule  have  been  displaced  by  a  compound  diatomic 
radical. 

(/3.)  The  anhydride  of  such  dibasic  acid  is  formed  by  the  displace- 
ment of  the  four  hydrogen  atoms,  by  two  atoms  of  the  compound 
diatomic  radical. 

(y.)  The  salt  of  a  dibasic  acid  is  formed  by  the  displacement  of  one 
or  both  hydrogen  atoms  of  the  acid  by  a  metal. 

If  one  of  the  hydrogens  only  be  displaced  by  a  metal,  an  acid  salt  is 
formed ;  if  both  hydrogens  be  displaced  by  the  same  metal  then  a 
normal  salt  is  formed  ;  whilst  if  the  hydrogens  be  displaced  by  diflferent 
metals  then  a  double  salt  is  formed.     Thus — 


(a)|^«|o,=H28O4(aceV0. 
(i3.)  |g^  }  0«=2803  {anhydride). 


254 


HAKBBOOK   OF    VODEEir  OHSHiaTET. 


(y.)  ^  \  Oe=-KnSO^  (acid  mli). 

^^  y  02:^X5804  {normal  salt). 

(S.)  Stinilarljy  a  trihasic  acid  ia  regarded  as  formed  on  a  treble 

water  type  ^^  [  0^ ;  (a)  the  acid  resulting  from  the  H^  being  replaced 

by  a  triatomic  compound  radical ;  (/i)  the  anhydndc  by  the  2H3  being 
replaced  by  two  atoms  of  the  triatomic  radical;  and  (y)  the  salts  by  the 
displacement  of  one  or  more  of  the  hydrogens  of  the  acid  by  a  metal. 
Thua— 

(« )  S-^  }  0,=H,PO,  {acid). 


m 
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03=Pa05  {anhydnde). 


{y:)^^\o,^'^^,'^o,  {salty 


IL  Bases* 

A  Base  is  '*  a  compovnd  hodj/  capable  of  being  converted  mto  a  salt  hf 
the  action  a/an  acidj  ajtd  oftherebt/  more  or  less  neutfxilizing  the  reactions  cf 
the  acidy     Bases  may  be  divided  into  three  claasee. 

(L)  Compounds  0/ metals  with  oxygen  (such  as  baryta,  lime,  magnesia). 
A  metal  usually  forma  but  one  oxide  capable  of  producing  salts  with 
ttoida  ;  but  to  this  general  rule  there  are  many  exceptions.     Thus— 

The  protoxide  of  iron  (FeO)  forms  salts  {e.g.,  FeO,  SOj)  difitlnguislied 
as  protosalts,  or  more  commonly  as  ferrous  salts. 

The  peroxide  of  iron  (Pe^O^)  forms  salts  (e.g.,  FegOj,  380 j)  diatia- 
guished  BA  per  salts  ^  or  more  commonly  B.&  ferric  mlts, 

(2.)  Compounds  of  metah  with  the  compound  ra/lical  hydroxyl  (HO) 
{hydroxides^  e.g.,  sodic  hydrate  NftHO  (soda);  potassic  hydrate  KHO 
(potash),  etc)  A  hydroxide  consists  of  one  or  more  water  molecules;, 
where  one  or  more  of  the  hydrogens  are  replaced  by  a  metal.   Thos— 

^  j  0=K  HO ;  ^^ '  ]  0,=Ca"H^O«, 

The  soluble  hydroxides  are  called  alkalies ^  and  have  the  power  of 
blueing  red  litmus. 

(3.)  Certain  compounds  with  nitrogen,  phosphorus^  arsenic^  and  ctntmtfni/t 
Uy  for  example,  ammonia  (NH^), 

III^  Salts. 

A  Salt  is  "a  compmind  formed  by  the  mutual  action  of  an  acid  a* 
a  hoM.^^  The  name  given  to  the  salt  depends  on  the  base  and 
the  acid  present.  Thus  sodic  nitraf«  implies  a  salt  formed  by  a  combi* 
nation  of  sodium  and  nitric  acid ;  sodic  nitriV*?,  a  salt  formed  by  a 
combination  of  sodium  and  nitrot/^  acid. 
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Ya&ietiss  of  Salts. 

(1.)  Ifaloi'd  Salts,    Compmmda  of  a  metal  with  a  hnlaffcn^  or  salt  radicaL 
haloid  salt,  therefore,  coEiaine  neither  oxygen  nor  eulphur  (e.g,^ 
faa,  KI)* 

(2,)  Oxy-Salts,  Compounds  formed  from  an  oxy^m  actdj  ht/  the  displace' 
Uent  of  all  or  a  part  of  its  hydrogen  bj/  a  metal  or  by  a  compound  radical, 
'  these  we  recognize  several  classes. 

(a,)  Normal  Salts,  A  mlt  where  all  the  dUplaeeahle  hydrogen  of  the 
cid  is  exchanged  for  an  equivalent  amovnt  of  a  nieial  or  of  a  positive  com- 
pound radical.  Thna,  for  example, 
IK^SO^  from  H08O4  ;  NaNo^  from  KNO3 ;  Ca%2(P04)  from  2H3PO4, 
I  A  fwrmal  salt  was  formerly  termed  a  neutral  salt,  that  is,  a  salt 
Which  neither  reddens  blue-litmus  nor  blues  red-litmus.  Neutrality, 
piowever,  depends  more  on  chemical  energy  than  on  actual  proportion. 
SThua  ZnSO^  reddens  blue  litmus,  and  Na^^GO^  blues  red  litmus,  whilst 
other  normal  salts,  such  as  KNO^,  are  strictly  neutral.  Yet  in  none 
of  these  is  there  any  free  acid  nor  free  base  present,  Idtmua  being 
itself  a  salt  consisting  of  a  feeble  vegetable  acid  of  a  red  color,  com- 
bined with  a  metallic  base,  the  addition  of  a  salt  oontaining  a  strong 
acid,  may  set  free  the  red  litmus  acid,  owing  to  the  greater  intensity 
bpf  the  strong  acid  of  the  salt  for  the  litmus  base,  than  that  possessed 
Hby  the  litmus  acid  itself.  Hence  a  normal  salt  may  redden  blue 
litmus, 

Q3.)  Acid  Salts.  A  salt  in  which  the  displaccable  hydrogen  of  the  acid 
is  onltf  partially  exchanged  for  a  metal  or  posiiim  compound  radicaL  Acid 
salts  are  invariably  salts  of  poly  basic  acids.  All  acids,  the  hydrogen 
of  which  playa  the  part  of  a  true  metal  atom,  and  is  not  simply  the 
hydrogeu  of  water  of  crystallisotion,  are,  in  a  aense,  true  acid  salts. 
Thus — 
,  KHSO4  is  derived  from  H^SO^;  KHCO3  from  HXO^;  HNa^PO* 
B  from  H3PO4. 

^^     (y.)  Bmic  Salts,    A  salt  where  the   number  of  bonds  of  the  metal  or 
compound  radical  exceeds  the  number  of  atoms  of  diRplaceuble  hydrogen  in 
the  acid.    This  implies  that  the  proportion  of  base  present  predominatea 
^aver  the  acid.     Thus— 

H  HgS04,2HgO      =Turpeth  Mineral. 

B  CuCO,,,CuB:oO.    =Makchite. 

^  2Pbc63.  PbH^Og^  White  lead. 

Here  it  will  be  seen  that  the  base  is  in  excess  of  the  acii 

(3.)  Sulpho- Salts, —  Compounds   analogous  to  oxysalts^   but   containing 
tpliur  in  the  place  oj  oxygen.     Thus — 

Sodic  sulph-arseniate  j  SNa^^S,  AsgSj,  or  2Na3As84 ; 
Sodic  sulpho-stannate ;  2Na^S,8n83* 
(4.)  Bouhle  Salts, — Compounds  where  the  displaceabk  hrjdroqtfKh  of  iKe 


r 


256 


HAimBOOK   OF   HODBBK  CKBMISTaY. 


acid  are  exchanged  hf  different  m«tali  or  cmipound  radicals.  Thus 
Koclielle  salt  is  a  compound  formed  from  tartaric  acid  (H^C4H406),  in 
whicli  the  two  atoms  of  hydrogen  are  displaced  by  an  atom  of  sodium 
and  potassium  respectively  (KNaC^TI^O^). 

Double  salts  may  be  formed,  and  more  often  are  formed,  from 
oxides  of  different  classes.  Thus  common  alnm  consists  of  potassie 
and  almminic  sulphate,  K2SO4,Al23804=K2AJg4S04.  Double  salts 
may  also  be  formed  by  a  combination  of  haloid  salts.  Thus  2  KC1« 
PtGl^  forma  potassie  platimc  chloride.  These  oombinationa  are  re- 
garded as  molecular  rather  than  atomic. 

The  terms  oxtfchloridCf  oxyiodidtj  etc.,  imply  compounds  formed  by  the 
union  of  one  or  more  molecules  of  a  metallic  oxide  with  one  mole- 
cule of  a  chloride  or  iodide  of  the  same  metaL  Thus  PbCl5j,7PbO=oi:y- 
chloride  of  lead  (Tumer*8  yellow). 

HALOIB  SALTS  (aXcthesea). 

Definition* — A  haloid  salt  is  a  compound  either  of  a  metal  or  of  % 
compound  radical,  capable  of  acting  as  a  metal  (such  as  NH^),  with 
a  salt  radical  which  may  be  either  simple,  like  chlorine,  or  compound, 
like  cyanogen. 

Members* — Chlorides,  iodides,  bromides,  fluorides,  snlphides,  sele- 
nides,  phosphides,  carbides,  borides,  silicidee,  cyanides. 

I. — CMorides* 

Befimtion, — Compounds  of  metals  with  chlorine  (the  radical  of  HCl). 

Natural  History »^ — The  chlorides  are  found  in  all  three  kingdom* 
of  nature,  chiefly  in  combination  with  the  alkalies,  Sodic  and  potaaaic 
chlorides  occur  in  sea  water  and  in  rock  salt  Mercnrous  chlorido 
(Hg..CL)  and  silver  chloride  (AgCi)  occur  as  natural  minerals. 

Preparation. — ( lO  By  the  direct  action  of  chlorine,  either  (a)  oo 
a  inetiii  (Mg  +  Cl^=MgCL) ;  or  {/3)  on  a  bask  oxide,  either  in  the  cold 
(as  AgCl)i  or  when  heated  to  redness,  whereby  the  oxygen  of  th* 
oxide  is  expelled ;  or  (y)  on  a  heated  mixture  of  carbon  and  a  metallic 
c;r«V/<;,  whereby  carbonic  oxide  is  evolved  (M^O  +  Ch-CJ^^MOIo+OO); 
or  {I)  on  a  sulphide,  whereby  a  chloride  of  sulphur  and  a  metallift 
chloride  are  formed. 

(2.)  By  dissolving  a  metal  in  aqua  regia  {this  being  in  reality  lh<^ 
action  of  nascent  chlorine),  evaporating  the  solution  to  dryness,  and 
redissolving  the  residue  in  water  (<?.  ^.,  Au,  Pt,  etc.). 

(3.)  By  the  action  of  hydrochloric  acid  gas,  either  (a)  on  a  mei 
(Na^ 4-  2HC1^ 2NaCl  +  H^) ;  or  (ft)  on  a»  oxide  (CuO -f- 2HCl=OaCl<+ 
HgO)  \  or  (y)  on  a  mdphide  of  a  metal. 

(^■J  By  dissolving  either  a  metal  (set  page  247),  an  oxide,  a  hj-    ^ 
^tapia,  or  A  carbonate  of  a  metal  in  liquid  hydrochloric  add^  aoflri 
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raporatiii^.     The  hydrated  chlorides  may  be  prepared  by  tbis  pro- 
Many  hydrated  cblorides,  however,   evolve  their  chlorine  as 
ICl,  when  their  solutions  are  evaporated^  J 

(MgC]2+ H^O^MgO  +  2HC1),  ^ 

(5.)  The  insoluble  chlorides  may  be  prepared  by  adding  hydro- 
iBhloric  acid  (or  a  soluble  chloride)  to  a  salt  of  the  metal  {e.  g*,  Agd, 

>bci^,  ng,c],).  , 

(6.)  A  (chloride  of  a  motal  may  sometimes  be  formed  by  treating  the 
metal  itself  with  the  chloride  of  another  metal,  whereby  the  first 
metal  will  appropriate  the  chlorine  of  the  second  metal.  Thus,  if 
Bodium  be  heated  with  magnesic  chloridei  sodic  chloride  and  free 
magnesium  are  produced ;  or,  if  potaaaium  be  heated  with  nranous 
chloride,  potassic  chloride  aod  free  uranium  are  formed,     (Similarly, 

SnCl^,  SbClj,  or  BiCl^  may  be  prepared  by  heating  Sn,   Sb,  or  Bi 

nthHgCL.) 

Varieties  of  Chlorides.— {10  Sttbchhridts  ('Mr^Cl^)  I  ^^^ ;  as*.^., 

(ercuroui  chloride  (Hg^Cl^),  Cvpt^ous  chloride  (Cu^CLj).  ^ 

(2.)  MomchhridtB  (M'Cl  as  KCl)  j  Dkhiorides  (MTla  as  Oa"Cl,)j 
rricJdorides  (W'VU  as  Sb^'Cl^)  j  Tetntchhrides  (M^^Cl^  aa  Pt^^Gl^) ; 
^tiitaMorides  (M^Cl^  as  Sb^CI^);  B*'xaddoridts  (M^^Clg  as  Mo^^Clg). 

(8).  Seiquieklorides  CM'^'^Clg)  j  ^q|^  ;  as  Ferric  chloride  (Fe^Cle). 

One  metal  is  often  found  to  combine  with  chlorine  in  more  than 
lone  proportion.     Thus —  J 

(a.)  FeCl.,  Ferrous  chloride  ;  Fe.,Cl^|,  Ferric  chloride,  I 

(il)  PtCJg,  Platinous  chloride ;  PtClj,  Platinic  chloride.  ■ 

Properties, — («■)  Semible  and  Physical,  The  colors  of  the  chluridea 
ire  various;  the  alkaline  cMoridos  are  white.  Their  taUe  ia  mostly 
saline  or  bitter.  Generally  they  have  no  odor.  They  usually  crys- 
tallize in  cubes,  but  sometimes  in  square  prisms  (calomel),  sometime^ 

rhombohedra  (CaCLj,  and  sometimes  in  oblfquo  prisms  (BaCl^), 

Some  chlorides  are  soft,  as  argentic  chloride  (horn  silver),  and  those 

[ehlorides  known   as  inHallir  Im tiers   (SbCl,»  SnCl^) ;  whilst  some  are 

liquid,  and  are  known  as  mHallic  oils  (SbCl^,  AsCls).     When  exposed 

the  air  they  are  mostly  deliquescent. 

Action  of  Heat, — («.)  They  are  ail  fusible  and  volatile.  (1.)  Some 
volatilize  at  about  212°  F.  {100^  C),  as,  «g.,  ALClc,  Fe.^OIa,  AsCl^, 
etc.  ;  (2.)  some  at  a  red  heat,  as  NiCJs  i  (3-)  but  most  of  them  at  a 
higher  temperature. 

(/3.)  Some  are  partly  decomposed  by  heat.  Thus  2CUCI5  becomes, 
at  a  red  heat,  Cu^CL  +  CL. 

(y,)    Some   are   compktel^   decomposed   by   heat;    as,    s.^.,    PtOl^, 
pdClfi,  AUCI3, 
I  s 
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(3.)  Many  (the  chlorides  of  the  noble  metals  excepted)  when  igniud 
in  air  or  orf/^en  are  decomposed,  with  the  formation  of  an  oxide  aad 
the  escape  of  chloriue. 

(f .)  Many  (the  chlorides  of  the  alkaline  metale  and  those  of  bariam 
and  mercury  excepted)  when  heated  in  fhe  presence  of  water ^  fona 
oxides  and  hydrochloric  acid*     [N.B.  Bismuth  forms  an  oxycbloride.] 

(f.)  All  (excepting  the  chlorides  of  the  alkalies  and  alkaline 
earths)  when  iptited  in  a  free  current  of  hydrogen  are  decomposed,  lij- 
drochloric  acid  beiog  formed. 

Soluhiliiy  in  Water, — The  chlorides  are  generally  deliquescent^  and 
very  soluble  in  water ;  PhCL  is,  however,  only  very  slightly  soluble, 
whilst  AgCl,  HggCL,  AuCl»  and  PtCl^  are  insoluble. 

SolubUity  in  Alcohol  and  Ethtr, — Most  chlorides  are  very  soluble  in 
alcohol,  but  NaCl  is  only  slightly  soluble,  and  some  others,  as  KCl, 
BaCJl^,  AgCl,  and  HggCl^  are  insoluble.  Excepting  those  of  the  noble 
metals,  the  chlorides  are  insoluble  in  ether. 

Action  of  Light — Same  chlorides,  as,  e.^.,  AgCl,  are  decomposed  by 
exposure  to  light. 

Action  of  Ehctricitff. — ^The  chlorides  are  mostly  decomposed  by 
electriclly. 

(/I)  Chfinical — ^The  chlorides  have  generally  an  acid,  but  never  an 
alkaline  reaction.     The  chlorides  of  the  alkaline  metals  ai'e  neutral. 

Water  dissolves  most  chlorides  without  decomposition,  but  ther« 
are  certain  exceptions,  such  eis,  e.g.,  SbCl^,  BiClj,  SnClg,  which  form 
hydrochloric  acid,  and  an  oxychloride  when  treated  with  water 
(BiCla + H,,0=^  2HC1 + BiClO). 

AtidSf  especially  when  heated,  decompose  the  chlorides  (argentic 
and  mercurous  chlorides  excepted),  setting  firee  hydroeliloric  atiid. 
All  the  soluble  chlorides,  when  heated  with  sulphuric  acid  and  man- 
ganic  peroxidG,  evolve  chloric e,  which  ia  also  commonly  given  off 
when  thoy  aro  heated  with  nitric  acid.  The  chlorides  of  the  metali 
combine  with  each  other  (2KCl,FtCl^),  also  with  the  chlorides  of  ths 
non-metals  (KCl.lCl^),  and  also  with  metallic  oxides,  forming  oiy-* 
chlorides  (3HgO,HgC]g). 

TestSi — ^*??'  the  soluble  chlorides. 

(a.)  Argentic  nitrate:  mvhite  precipitate  of  AgOl,  insoluble  in  nitric 
acid,  soluble  in  ammonia  and  in  potassic  cyanide.  The  precipitiite 
blackens  on  exposure  to  h*ght 

(/3.)  MermrovH  nitrate :  a  white  precipitate  of  mercurous  chloride 
(calomel)  [Hg2(NOs).  +  2NaCl  =  2NaN03  +  HgXlJ  soluble  in  .hlnrind 
water,  and  blackened  by  ammonia. 

(y.)  Fhwihiv  acetate  gives,  in  strong  solutions,  a  white  «T^9tailine 
precipitate  of  plumbic  chloride  ( PbCIa)*  soluble  in  excess  of  water. 

(2.)  For  the  ijuoluhk  chlorides  (AgCl,  Hg.CI^,  PbOlj). 

[Note, — PbCl^  is  readily  soluble  in  iDoiUng  water.] 

Boil  the  insoluble  chloride  in  a  pure  solution  of  potassic  hydratd, 


269 


Iter  off  the  tiodissolved  oxide,  acidulate  the  solation  with  nitric  acid, 
and  test  with  argentic  nitrate  for  chlorine. 

Estimation  of  Chlorides, — l^O  grains  of  AgCl:=24  Tl  of  chlorine. 

rUses. — Common  salt  in  tiit^t,  etc»   The  mercury  and  other  chlorides 
e  used  in  medicine* 
I 


IL  lodided. 

Definition*— Oorapounds  of  mentals  with  iodine  (the  radical  of  HI). 

Natural  History, — The  iodides  are  found  in  all  three  kingdoms  of 
nature,  but  chiutlj  in  sea  and  in  mineral  waters,  and  in  the  plants  and 

Lmals  living  therein.     Argentic  iodide  is  a  natural  mineral. 

Preparation, — !•  («<)  Bj  the  direct  union  of  iodine  and  the  metal 
(e,g.t  HgL;  Aalg) ;  or  0)  by  passing  iodine  vapor  over  metallic  oxides, 
either  alone  or  mixed  with  carbon* 

12,  By  the  action  of  hydriodic  acid  on  metals  (as  Ilg),  or  on  the 
pxidesy  the  hydrates,  and  on  certain  salts  (as  AgCl)  of  the  metals, 
I  3.  By  the  action  of  iodine  on  a  solution  of  the  alkalies  and  alka- 
line earthsj  whereby  an  iodide  and  an  iodate  are  formedj  the  iodate 
pn  ignition  becoming  an  iodide  (Process  of  P,B,  for  making  XI). 
I  4.  The  insoluble  iodides  may  be  prepared  by  adding  a  metallic  salt 
to  a  solution  of  potassic  iodide  (Hgig,  Agl,  Pbig).  , 

Properti8S«-*The  iodides  are  closely  allied  to  the  ehloridea 
!  (a.)  Sensible  and  phjm'aL     The  alkaline  iodides  are  white,  but  the 

remaining  iodides,  as  Hgl„,  Pbl,.,  etc.,  are  most  often  colored.      They 
commonly  crystalline  in  cubes.  They  are  mostly  soluble  both  in  alcohol 
and  in  water ;    but  HgT^,  Agl,  Pbl^,   Bil^,  I^dl^,  are  insoluble  in 
^^ater. 

^B    Action  ofJitaU     The  iodides  are  less  fusible  and  less  volatile  than 
^"ihe  corresponding  chlorides. 

(1.)  Most  iodides  are  fusible^  and  many  are  volatile  at  high  tem- 
peratures. 
^H  (2-)  When  xgniltd  in  air  or  oxf/gen  they  are  usually  decomposed, 
^Bodine  being  set  free,  and  an  oxide  of  the  metal  formed  (Exceptions — 
HHi  Kal,  PbLv,  Bil,).  In  the  caso  of  Aul^,  Agl,  Ptl4,  Pdio,  the 
^Bnetal  is  reduced  and  iodine  is  set  free. 

^B    (3),  When  heated  in  the  presence  of  water,  they  are  mostly  decom- 
^posed  into  hydriodic  acid  and  an  oxide  of  the  metal. 
I  Zi^ht  acts  on  many  of  the  iodides.    Thus  Agl  is  blackened;  Hg^I^ 

^Bifl  decomposed  into  Hg  and  Hgl^. 

^H    (fi*)  Chemical,  The  iodides  are  decomposed  (1 )  by  chlorine  and  bromine^ 
^Bodine  being  set  free,  (2)  also  by  hydrochloric  acidf  hydriodic  acid,  and 
^^a  chloride  of  the  metal  being  formed,  (3)  also  by  sulphuric,  nitriCj  and 
nitrons  acid4f  and  (4)  also  when  heated  with  sulphuric  acid  and  man- 
ganic peroxide,  when  iodine  is  evolved.    The  iodides  of  those  metals 
which  form  acids  with  oxygen,  viz.,  Snl^,  Sblj,  Tel^,  AsTj,  are  decern- 
I      poied  by  water,  and  an  oxide  of  the  metal  precipitated. 
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The  iodides  readily  ooml}i]ie  amongst  themselves ;  aUo  with  oxidaa, 
forming  oxy-iodides,  and  with  chlorides  (Sal^SnCl^)*  Moreorer, 
the  metollitJ  iodides  absorb  ammoaia  in  de&nite  proportions. 

Tests  ^or  Iodides — (1,)  6tart:h  water,  with  a  trace  either  of  chlo- 
rine water  or  of  nitric  or  sulphuric  acids  (added  to  Liberate  the 
iodine)  forms,  with  a  sohible  iodide,  the  blue  iodide  oj  «t^rch, 

(2.)  Mercuric  chhride  (HgClg),  a  scarlet  ppt.  of  mercurie  iodide 
(HgT^),  soluble  in  excess  both  of  the  iodide  and  of  the  test  solution, 

(3.)  Plumbic  acetate^  a  yellow  ppt.  of  plumbic  ivditle  (Pblj),  soluble 
in  hot  water,  and  precipitated  in  yellow  crystalline  scales  on  cooling, 

(4.)  Argaaic  nitrate,  a  buff  ppt.  of  argtn^ic  iodide  (Agl),  insoluble 
in  nitric  acid^  sparingly  soluble  in  ammonia,  soluble  in  pota«sic 
cyftiiide, 

(5,)  A  mixture  of  atpric  sulphate  and  fertoui  sulphate^  a  wKite  ppt  of 
Cftprotts  iodide  (Cu^Tg)* 

(6.)  Salts  of  Palladium,  a  brown  ppt,  of  PallacJiouM  iodide  (Pbl^),  ii:- 
soluble  in  water.     (The  IMCf^^  is  freely  soluble.) 

EstiltLation. — If  chloi-ides  and  bromides  be  absent^  th©  iodine  inny 
be  estimated  as  Agl  (100  gr8.=54"04  I) ;  but  if  tihloridea  or  bromiilbs 
be  present,  it  must  be  prutipitatiHl  as  Pdl^  (100  gr8,  =  70*457  1). 

Uses. — Chiefly  in  medicine .  KI  (a  solution  of  which  is  used  as  a 
solvent  for  iodine),  CdT.,  or  Feig  {prepared  by  direct  union),  Pbli 
(prepared  by  the  action  of  KI  on  PhSNOj),  and  SoL  are  officinal. 

m.^-Bromides. 

Definitioili — Compoimds  of  metals  with  bromine  (the  radical  ef 
HBr). 

Hatniial  History.  —  Bromides  are  found  in  sea-water  and  ifl 
saline  springs.     Argentic  bromide  occurs  as  a  natural  mineral. 

Preparationt-=-Tbeir  preparation  corresponds  to  that  of  the  iodidea 

Vajrietiss. — These  correspond  to  the  chlorides. 

Properties. — (aO  Phym-id.—Th^^j  are  all  solid.  They  may  ill 
be  fused  and  Tolatilized,  excepting  AuBr^  and  PtBr^,  which  an?  de* 
composed  by  heat 

(/i.)  Chemical. — ^When  heated  in  clJorine,  the  bromides  are  ccm- 
verted  into  chlorides*  Heated  with  hydfochloricacid,  hydrobromic  iici^I 
is  evolved.  Tht^y  are  all  detom posed  by  sulphuric  and  by  nitric  acitl»» 
bydrobromie  acid  being  set  free,  which  is  itself  decompo»od  if  lh# 
sulphuric  or  the  nitric  acid  be  in  great  excess,  when  free  bromiae  i 
evolved,  together  with  SO^  or  NoOt.  By  the  joint  action  of  sulphuric 
acul  and  manganic  peroxide^  the  bromides  evuUo  free  bromine.  Xhi 
bromides  combine  amongst  themeelves,  as  well  as  with  oxide«,  li 
form  oxy-bromidesj  and  with  Bulpliidea.  They  also  freely  absorb 
ammonia. 

Tests  for  Bromides.— (L)  Add  to  a  solution  of  a  bromide  a  lilill 
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thhrim  waUr  or  tijew  huhhhs  o/Morine  (avoiding  excess).  The  liquid 
"beoomes  red,  from  bromine  beiiig  eet  free.  Divide  this  into  two  parte 
ia  and  ^}), 

(a)  Shal-e  up  am  part  with  ether  or  with  carhanic  disulphidsj  by  wliich 
leans  the  bromine  will  be  dissolved  out  of  the  solution, 
Q3.)  Add  Btarch  water ^  when  the  yellow  bromide  of  starch  wiU  be 
^     formed, 

^^     (2.)  Argmik   nitrate;    a    whitish -yellow    ppt.    of    a  nj  en  tic   bromide 
^BfAgBr)^  insoluble  in  hot  nitric  acid^  sparingly  soluble  in  ammonia. 
^H    (3.)    Mercurom   nitraU    ((Hgrs)"2N0a) ;    a   yellowiah- white   ppt.    of 
^^fM^Hiuwiu  bromide  (Hg-gBrg),  soluble  in  chlorine  water,  bromine  being 

|»et  free. 
I     (4,)  Plumbic  acetate;  a  white  ppt,  of  phtmbie  bromide  {PbBr.^),  less 
■oluble  in  water  than  PbCL^  soluble  in  dilute  nitiic  at'id. 
i     (5.)  Palladic  nitrate   (in  solutions  not  cotdmning  chlorides)  \  a  black 
ppt.  of  pa/iadir  bromide* 
L    Estimation  of  Bromides, — In  the  absence  of  clilorides,  the  bromine 
^ay  be  estimated  as  AgBr  (100=-I2"55  Br). 
Uses, — Chieflj^  in  trndicine.      NHjBr    (prt^pared    by  the  action  of 
E^Br  on  Nn^),  FeBr^  (prepared  by  direct  umon),  KBr  (prepared  as 
)  (page  259),  are  officinal. 
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Definition.— Compounds  of  metals  with  fluorine   (the   radical  of 
HF). 

ITatnral  History- — "^he  fluorides  are  abundant   in    the   mineral 
kingdom,  and  are  also  found  in  animals  and  vegetables- 

Preparation. — (lO  ^^y  the  action  of  hydrofluoric  acid  on  a  metal 
t  on  its  oxide. 

(2.)  Tbe  insoluble  fluorides  may  be  prepared  by  mixing  a  solution 
if  a  salt  of  the  metal  with  potassic  or  with  eodic  fluoride. 

Properties. — {^')  PhyiivaL  They  are  mostly  eolidj  and  crystallise  in 

bes.     Silicic  fluoride  (SiF^)  is  a  ga^. 

Action   of  Meat. ^ AM  the   fluorides   fuse   by  heat  (ftao,   to    flow). 

any,  such  as  SbF,,  AsF^,  CrgFg,  HgF^,  SnF^,  ZuF^,  are  volatile. 
'hey  are  not  decomposed,  either  when  ignited  alone  or  with  carbon. 

Action  of  Water. — A  few  fluorides  are  freely  soluble  (as  AgF^  »^^^\)» 

eir  solutions  corroding  glass  ;  some  are  sparingly  soluble  (as  KF, 

aF,  FejF^),  but  the  majority  are  insoluble. 

(/3.)  ChcmicaL — The  fluorides  of  ammonium,  sodiumj  and  potassium 
ave  an  alkaline  reaction.     Whea  ignited  in  a  current  of  sleam  they  j 
bnn  oxides  of  the  metals  and  hydrofluoric  acid ;  when  ignited  in  a 
current  of  chlorine  many  of  them  are  decomposed,  and  a  chloride  of 
the  metal  produced. 

They  are  not  readily  acted  on  by  nitric  aoid.     With  suljhvm^i  ^*sA^ 
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they  ©vol 76  hydrofluoric  acid,  leaving  a  metallio  sulphate.  They 
exhibit  a  marked  tendency  to  combine  amongst  themselves,  and  also 
with  another  molecule  of  the  acid  (HFjKF), 

Tests. — (10  The  flmrtdts  g-ives   precixiltates  with   salts  of  lei 
barium,  and  magnesium,  but  give  no  precipitate  with  nitrate  of  silvi 

(2.)  A  aait  of  calcium  gives  an  almost  in  visible  jelly-like  precdpitiite 
of  CaF^*  which  is  rendered  more  apparent  by  the  addition  of  am- 
monia. The  precipitate  ia  not  very  soluble  in  acids,  but  when  treated 
with  sulphuric  acid^  fluorine  is  evolved,  which  acta  on  glass. 

Estimation  of  Fluorides. — Mix  the  fluorides  with  powdered  glass 
and  sulphuric  acid,  and  distil  into  an  ammonia  solution.  The  SiF, 
which  comes  over  is  decomposed  by  the  water.  Evaporate  the  con- 
tents of  the  receiver  to  dryness,  hy  which  means  the  silica  will  he 
rendered  insoluble.  Dissolve  out  the  ammonio  fluoride  with  water, 
and  weigh  the  silica.  ( Wilson ♦) 

XTses. — Chiefly  for  glass  etchii^g. 
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V. — Sulphides  (Hydrosui^phates). 

DefinitiOB* — Compounds  of  metals  with  sulphur  (the  radical  of  H^S). 

Natural  History- — Found  largely  in  the  mineral  kingdom. 

Prej  aration,— (1.)  By  the  direct  union  of  sulphur  with  a  metal 
(such  as  CuS,  FoS,  PbS,  SnS),  or  with  a  metaUic  oxide.  In  thii 
latter  case,  however,  a  variable  proportion  of  sulphate  is  farmed 
simultaneously. 

(2.)  By  heating  a  metallic  oxide  in  a  current  of  H^S  or  CS^  vapor. 
In  this  way  titanic  sulphide  may  be  prepared  from  titanic  anhydride 
(TOg  +  CS.-TiS^  +  COg), 

(3. )  By  the  ignition  (reduction)  of  mlphateM^  either  (a)  with  tmhon 
or  with  organic  substances  generally  (as,  e.g,^  in  the  preparation  of 
sulphides  of  the  alkalies  and  alkaline  earths)  when  CO  ia  evoh<fd 
(K^SO^  +  4C=K^S  +  -ICO) ;  or— 

(/3.)  In  a  current  of  h^droffctif  as,  $.g,f  in  the  preparation  of  tli« 
protosulphidea  of  the  alkalies,  and  the  subsulphides  of  other  metiH 
when  some  of  the  sulphur  volatilizes. 

(4.)  By  the  precipitation  of  metallic  solutions,  either  (a,)  by  W- 
phuretted  ht/dro^efif  the  solution  of  the  salt  of  the  metal  being  acid  in 
the  case  of  the  formation  of  Sb^S^^  SnSj»  AbJ^^,  Au^S^,  PtSj;  or 
either  acid  or  neutral  in  the  case  of  PbS,  HgS,  Ag^S,  Bi<,8j,  Cufl, 
CdS;— 

(/5.)  By  an  alkaline  sulphide,  e,g.^  ZnS,  MnS,  etc.>  op— 

(y.)  By  a  hjpoBidphiie^  added  to  an  acid  solution.  In  this  €a9ebyp<^' 
sulphurous  acid  is  set  free,  and  is  immediately  decomposed  into 
Bulphur  and  sulphurous  anhydride  (SoOo^S-hSOg),  which  sulphur  coot 
bines  with  the  metal  present  to  form  a  sulphide.  In  this  way  antimony 
vermilion  (Sb^^S^)  is  prepared  from  an  acid  solution  of  the  chloride  d 
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antimony  bj  the  action  upon  it  of  the  hyposulphite  of  lime  derired 

from  alkali  waste. 

H     Properties, — («)  Physical,   All  the  sulphides  are  solid,  and  many 

^Kre  cTystaliine  (cubic).     They  are  of  varloua  colors;    thu9«    Zd3  ia 

^mphite;  MnS  is  JU^  red;  CdS«  As^S^,  SnS^i  are  yellow;  SnS  is  choco^ 

^Itittr ;  whilst  the  rest  are  more  or  less  black.     Many  have  a  metallio 

lustre.     The  sulphides  of  the  alkali  metals,  and  those  of  barium  and 

strontium  are  freely  soluble  in  water ;  calcic  and  magnesic  sulphides 

are  slightly  soluble,  whilst  the  rest  are  insoluble.   They  are  generally 

fusible  and  volatile.     The  further  action  of  heat  upon  them  will  be 

etudied  under  the  chemical  pix>pertie8, 

{>3.)  Chemical, — ^There  is  a  close  relationship  between  the  oxides 
and  the  sulphides.  As  oxygen  often  combines  with  a  metal  in  more 
than  one  proportion »  forming  protoxides  and  peroxides,  so  sulphur 
forms  protoaulphides,  ag  ferrous  sulphide  {Fe8).  and  persulphides  as 
ferric  sulphide  (FegS^J.     This  law,  however,  is  not  absolute.     There 

I  is  no  sulphide,  e.g.,  corresponding  to  MnO^,  and  no  oxides  corres- 
bondiDg  to  K^S,  and  K^B^. 
r  Action  of  air, — On  exposure  to  air,  even  at  common  temperatures, 
IBome  sulphides  become  sulphates  (CUS  +  O4— CuSO^},  an  action 
utilized  in  the  separation  of  copper  from  tin  ores,  8ome,  as,  e,g,, 
those  metallic  sulphides  which  form  aLkoliue  oxides,  when  exposed 
to  moist  air,  yield,  in  the  first  instance,  a  mixture  of  an  oxide  with  a 
bisulphide,  and  afterwards  of  an  oxide  with  a  hyposulphite,  this  latter 
i^eing  formod  by  the  further  oxidation  of  the  bisulphide.     Thus — 


(a.)       4Naj8     +     Og 


SNsgO 


2Na^S. 


Sodic  sulphide  +  Oxygen  =s  Sadie  oxide   +  Sodic  bisulphide » 


30^ 


2NagSg03. 


Sodic  bisulphide  +   Oxygen  s=  Sodio  hypoiulpbite. 
Some  sulphides,  when  exposed  to   the  air,  part  with  their  sulphur 
and  become  oxides.     In  this  way  the  spent  oxide  of  gas-works  is 
revivified.     Thus— 

t4FeS       +     30^     =     2Fe20j     -h     SS^. 
Ferrous  sulphideH-   Oxygen  ^  Ferric  oidde   +  Sdphur. 
Some    sulphides    combine    with    oxides    to     form     oxy-mlphides 
BhfifiSb^%^)f  and  some  with  carbonic  disulphide  to  form  mlpho^ 
whQn€d€9  (KBS,C8g). 
Action  of  heat — (a.)  The  protoaulphides,  if  air  be  excluded,  are 
lot  decomposed  by  heat. 
^0^*)  Heated  in  the  presence  of  air,  some  sulphides  are  foriially 
composed,  as  £.  ^.,  FeS^  becomes  FeS.     Some  are  changed  into  suf* 
fOteSf   as   i,g,y   in   the   formation   of  zincic   sulphate   &om   blende 
(Zn8H-20g=ZnS04),    In  some  the  sulphur  ia  expelled  as  sulphurous 
anhydride,  and  an  oxide  of  the  metal  formed^  as  e,  r/.,  in  extracting 
"rom  the  ore  (CugS  +  20s=2CuO-}-SOe).    In  some  (Ae  Taetgil  it 
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mtirehj  reduced^  as  e.  g.,  Au^S,,  PtSg ;  whilst  in  some  a  mixture  of  the 
reduced  metal  and  a  sulphate  is  formed  (Ag). 

(y.)  Some  sulphides  sublime  when  heated,  as,  e.g,,  Ab^S^  (arpN 
ment)f  and  HgS  {cimrabaty 

(3,)  Soma  sulphides  are  reduced  when  heated  in  a  etream  o/hydrogefLf 
as  <f.^.,  Ag^S,  CuS,  B\.%  SnS..  Sb.Sj. 

(c.)  Some  sulphides  are  reduced  when  heaUd  with  iron,  as  e.^, 
PbS,  SnS.. 

(f.)  AH  sulphides  are  decomposed  when  hecUtd  in  a  stream  of  chUh 
rine^  chloride  of  sulphur  and  a  chloride  of  the  metal  being  formed, 

Acticn  of  acids.— Cold  dilute  sulphuric  acid  and  tilso  hydrochloric  acid 
dissolve  most  of  the  sulphides,  sulphuretted  hydrogen  being  evolved* 
With  HCl  a  chloride  of  the  metal  is  formed  (Sb2,83+6nCl=2SbCl3 
-f  3lIaS).  The  sulphides  of  cobalt^  of  nickel,  and  of  platinum  are 
not  acted  upon  by  hydrochloric  acid  unless  the  sulpiiides  be  boiled  in 
the  acid.  All  the  sulphides  (exc^^pting  mercuric  sulphide)  aro  decom- 
posed by  nitric  acid,  sulphuric  acid  and  a  nitrate  of  the  metal  being 
formed.     They  are  all  freely  attacked  by  nitro -hydrochloric  acid. 

Action  of  sulphuretted  hydrogen.  Suf ph-h/fdrates,— Wh&n  sulphuretted 
hydrogen  is  passed  through  a  solution  of  the  sulphide  of  on  cdkah  or 
of  an  alkaline  earth,  a  soluble  sttlph-hi/drate,  h/droimlphide  or  htfdric* 
sulphide^  as  it  is  called,  is  formed  (lCS  +  IIgS=2KII8).  This  com- 
pound  holds  an  intermediate  position  between  sulphuretted  hydro- 
gen and  the  ordinary  eulphidf*,  and  closely  corresponds  in  constitu- 
tion to  a  hydrate.  The  aramonic  hydric-sulphide  (NH|IIS)  beloags 
to  this  class.  The  sulph-hydrates  smell  of  sulphuretted  hydrogen, 
which  is  set  free  when  they  are  acted  upon  by  a  metallic  salt,  a 
reaction  which  serves  to  distinguish  them  from  simple  sulphides  — 

(SNH^HS +MnS0^=(H^N)^S04+  MnS  +  H^S). 

Sulphides  (like  oxides)  are  both  basic  ^nd  acid,  Tbas,  an  acid 
sulphide  (aa  As^S^)  can  react  on  a  basic  sulphide  (as  Na^B)  to  form 
a  new  and  double  compound,  as,  e.g.^  (dNa^jSjAsfS^.)  Most  of  these 
double  sulphides  ore  soluble  in  water.  The  importance  of  this  fact  in 
analysis  is  manifest,  inasmuch  as  we  are  often  enabled  in  a  mixed 
precipitate  of  metallic  sulphides  to  dissolve  out  one  sulphide  by  ths 
addition  of  a  sulphide  of  an  alkali  metaj  (as  NH^HS),  and  so  effect 
its  separation  from  a  second  sulphide. 

Action,  of  alkalies  and  alkaUne  carbonates. — The  sulphides  are  decom* 
posed  by  fusion  with  alkaline  carbonates  or  with  hydrated  alkalies. 

Tests  ftr  ^5i^  Sulphides  i— 

(L)  Heated  with  the  blowpipe  they  emit  an  odor  of  S0.^„ 

(3.)  Moistened  with  HCl  they  evolve  HgS,  which  blackens  le«^ 
paper,  ■ 

( S. )  Sodic  mtrO'pmsside  gives  a  purple  color  with  a  neutral  or  il 
alkaline  solution  of  a  sulphide*  M 


PHOSFniBES.  "V 

EstimatioTi  o{  Sulpliides.  ■ 

n.)  By  first  oxidizing  the  sulphur  to  sulpharic  acid  by  aqua  regia 
or  by  chlorine,  and  afterwards  precipitating  the  sulphuric  acid  with 
BaCl  (100  BaSO,=  l3-73  of  S). 

(2,)  To  determiiie  the  quantity  of  free  R^S  or  of  a  arduble  sulphide 
present  in  solution,  mix  the  solution  with  a  little  starch  water  and 
acidulate  with  acetic  acid ;  add  to  this  a  standard  solution  of  iodioe 
iu  potasaic  iodide,  until  the  blue  iodide  of  starch  is  formed. 

The  H.jS  converts  tho  iodide  iuto  III,  whilst  the  sulphur  is  set  free 
(2H28H-2l2==4HI-fS2). 

Formation  of  SuLrniUES  by  Efi. 
Class  I. — Metals  not  precipitated  ht/  HjS»   thair  suiphide^  briuff  toMU  in  water. ^ 

Exfltiiploi  (K,  Nft,  J  J,  Ba^  Sr,  Ca,  Mg). 
Cl&aa  II. — Metah  precipitated  hj  H^S  iw  an  \vm  aolutim,  but  not  in  an  Alkjllinr 
aolutian^  ibeir  sulpbidea  forming  double  and  solublo  saltfli  with  the 
alkoliefl. 
Hence :  they  are  s^lulU  in,  ani  mi  pneipiimted  hy  an  exern  of  ammtmie 
sulphide,  J 

Examples  (Sb,  Bn,  As,  An,  Pt).  I 

Clasa  III. — Metah  preeipitated  btj  H^S  id  an  Alkaline  tahUion^  hut  not  in  un  Acto 
*olt4tion,  tho  aeid  dissolving  the  sulphide.  Thoy  do  not  form  douhlo 
com  pounds  with  the  alkalies.  j 

Hence :  thtfj^  are  imotttbte  itt^  und  preeipitated  bff^  ammtmie  sulphide.  I 

Hxaniples  (Ni,  Co,  Zo^  Mn,  Fe). 
Class  IT. — MetaU prfeipitatt'd  b\f  alkaline  sulphidcta»  oxidft  andnoi  as  tulphidet* 

Exttmplea  (Cr,  Al),  J 

Class  y.—Mfftah  precipitated  hj  H^S,  either  in  an  aeid  or  in  antUHlme  miction.         " 
Hence  :  thty  arc  precipitated  equallij  by  11^3  and  by  ammonie  Mulphide, 
Examples  (Pb,  Bg,  Ag,  Bi,  Cu,  Cd), 

VI,  and  VIL— Selenides  and  Tellurides,  " 

Defiaition*— C'ompoundfl  of  metals  with  selenium  (the  radical  of 
aelen-hydric  acid  or  selenetted  hydrogen,  n^Se)  and  with  tellurium 
(the  radical  of  hjdro-telluric  acid  or  telluretted  hjdrogen,  Il^Tej, 

These  salts  are  closely  allied  to  sulphides. 

The  presence  of  selenium  may  be  known  by  the  peculiar  smell  emitted 
when  the  selenide  is  heatod  in  the  reducing  flame  of  the  blowpipe. 

VIII— Phosphides. 

Definition. — Compounds  of  metals  with  phosphorus, 
natural  History* — The  phosphides  are  Jiever  met  with  natiye. 
Preparation, — in  one  or  other  of  the  following  ways.  I 

( I.  J  Bj  the  direct  union  of  phosphorus  and  a  metal  (Au^Pt). 
(2.)  By  igniting  a  metal  with  phosphoric  anhydride  (or  with  a 
phosphate)  and  carbon. 

(3. )  By  passing  the  vapor  of  phosphorus  over  a  heated  oxide  (CaP), 

•  Baudrimoiit  (J.   Phanoac,   Chem.  Series  IV.  xiii.  15-19)  pointa  out  that  a  40^ 
Baume  solution  of  BOdio»  and  probftUj-  of  potaaaic  hydrate  at  15^  C,  ie  precipitated  b|J 
H^Sf  the  preoipitAte  baviiig  tho  oompcwitioii  Nfl,S,  9Ufi.     It  is  very  soluhk  u[if?«X«B^ 
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(4.)  By  i>a88iiig  phoaphoretted  liydrogen  tkrougb  a  solution  of 
metallic  salt. 

Properties* — ^The  phospbides  are  brittle  solids,  with   a  metallic 
lustre.     Tliey  are  decoraposed  by  heat^  especially  ia  the  presence  of 
air,  with  the  formation  of  either  a  phosphate  or  phosphoric  aubydr 
and  the  free  metal.  The  phoaphidea  of  the  alkalies  and  of  the  alkalio 
earths  decompose  water,  generating  self-inflammable  phoaphoreti 
hydrogen, 

IX. — Carbides. 

Definition,^ — Compounds  of  metals  with  carbon. 

The  carbides  of  iron  are  the  only  carbides  of  importance.     Manga^ 
nese,  palladium »  etc^  also  form  carbides.     The  carbidee  are  OBually 
more  fusible  than  the  metals. 

X  and  XI— Silicides  aad  Borides. 

Definition* — Compounds  of  metals  with  silicon  and  boron. 
Tbey  are  of  very  little  importance. 

The  Cyanides  will  be  considered  under  cyanogen. 
OXTSALTS. 

Definition.^ — Salts  formed  from  an  oxygen  acid  by  the  displacement 
of  all,  or  of  a  part  of  its  hydrogen  by  a  metal,  or  by  a  compound  radical. 

L — Sulphates. 

Definition. — Salts  formed  from  sulphuric  acid  H^SO^  (SO^tHo,). 

Natural  History. — The  sulphates  are  found  in  the  animal,  in 
the  vegetable,  and  m  the  mineral  kingdoms. 

Varieties  and  Constitutioa^-^CaO  J^ormal  Sulphates  (M^SO^  or 
SOjMoo).     A  sulphate  where  all  the  displaceable  hydrogen  of  the 
H2SO4  is  exchanged  for  a  metal,  etc.,  as  KgSO^ ;  Ba'SO^  j  Pb^SO^H 
etc.  ^1 

(/30  Acid  Sitlphates  (MHSO4  or  SOjMoHo)*  A  sulphate  where  the 
displaceable  hydrogen  of  the  H^SO^  is  only  partially  exchanged  for 
a  metal,  etc.^  as  HNaSO^  (hydric  sodic  sulphate,  also  called  bisui* 
phate)* 

(y.)  Bask  Sulphates.  A  sulphate  where  the  base  present  is  ia 
excess  of  the  acid,  as  e.  ^,,  Hg^'^SOg  (turpeth  mineral), 

(5.)  Doubit  Sulphates  are  formed  by  the  combination  of  two  8td- 
phates,  as  ^.y.,  in  the  aluma  (K«S04,Ald3S04  4-24  Aq,). 

Many  sulphates  are  anhydrous  (K,  Ba,  8r,  Fb,  Ag) ;  some  oontai^H 
5  molecules  of  water  (Cu) ;  most  contain  7  molecules  (Mg»  Zn,  F^H 
Co)  ;  and  some  10  molecules  (Na).    The  alums  contain  from  12  to  2T 
molecules. 

Preparation,^ — (lO  ^7  ^^^  artificial  or  spontaneous  oaddation  of 
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^fculpliides.   Thus  Fe8  and  CuS,  by  roasting  or  by  exposure  to  weuther, 

jHlecome  FeSi^^  and  CuSO^, 

j  (2.)  By  the  action  of  sulphuric  acid  on  a  metal  or  on  an  oxide, 

I  carbonate,  or  other  salt  of  a  metal. 
!     (N.B*— Sulphuric  acid  difiplaces  all  acida   that   boil   at  a  lower 
lemperature  than  itself), 
(a.)  The   action  of  a   dilute  add  on  metals  is  aooompanied  with 
the  evolution  of  hydrogen. 
(j3,)  The  action  of  a  concentrated  acid  and  heat  on  the  metals  ia 
accompanied  with  the  evolution  of  sulphurous  anhydride  («,  ^.  Cu,  Ag* 
Sb,  Sn,  Hg), 

(y.)  Action  on  oxtdea  (e,  g.  ZnO  +  ^^SO^^ZiiSO^'\~E^O ;  2MiiO^-h 
m^SO^^SMnSO^H-  2IL0  +  0,). 
(a  )  Action  on  sulphides  (e,  g,  Fe8+  H5jS04=FeS04  +  n.S). 
(e.)  Action  on  hydrates  {e.g.  MnllgOs  +  ajSO^— MnSO#  +  2HoO). 
(^)  Action  on  carb<maitB  {e,g.  l^B^QQ^^B^^O^=^^di^^Q^-\^'B..f}^ 
[CO,.) 

(i|.)  k^\loik  on  cMoridei  (tf.^r.  2NaCl  +  Hs8O4^Na2SO4+2H01), 
(3.)  By  the  action  of  sulphurous  anhydride  on  metallic  peroxides — ^ J 
SO.  +  PbO.^PbSO^.  1 

(4.)  The   iusoluble   eulphates   are  formed   by   adding   a  soluble 
[Bulphate  to  a  soluble  salt  of  the  metal.     Thus- — 
BaOla  +  n.SO^=BaSO  i  -j-  2H01. 
(N.B. — ^The  sulphates  often  occur  as  reaidiies  iu  the  preparation  of 
volatile    acids.      Thus    K3SO4  is  obtained  in  the   nitric  acid,  and 
Na2S04  in  the  hydrochloric  acid  manufacture). 

Properties. — (aO    Physical. — The  sulphates  are  all  crystallizablo 
I       solids.     The  crystals  are   of  different  shapes;  vtz.j  ctthic^  as  in  the 

P alums;  sithgly  ohliqu€f  as  in  the  sulphates  of  sodium,  iron,  and  cobalt, 
and  also  in  the  non-aluminous  double  sulphates;  doubly  oblique,  as  ini 
the  sulphates  of  copper  and  manganese.     They  are  generally  white^  \ 
but  some  few  are  colored.     Their  taste  is  usually  a  saline^bitter  and 
astringent.     They  have  no  odor. 

Adion  of  heat. — (a).  The  normal  sulphates  of  the  alkalies  and  of 
the  alkaline  earths,  and  plumbic  sulphate,  are  not  decomposed  by 
heat. 

(/I.)  The  sulphates  of  Mg,  Mn^  Zn,  Cd,  Ni,  Co,  and  Cu  are  decom-i 
posed  by   an   intense   heat,    SOr;   and   0   being  evolved   (Cu804^=  ^ 
CuO-i-SOa-f  0),     (Thus,  ZnSO^  has  been  suggested  as  a  source  of 
oxygen.) 

(y.)  The  remaining  sulphates  are  decomposed  easily  when  heated, 
sulphuric  anhydride  being  evolved  in  the  ease  of  the  sulphates  of  thai 
noble  metals,  and  sulphurous  and  sulphuric  anhydrides  in  the  cose 
of  the  remainder  (2FeS04=FeoO:j+SO.^  +  S03). 

The  sulphates  are  mostly  soluble  in  water,  whUet  many  are  soluble 
^  in  alcohol* 
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(/I)  Chenitcal. — All  the  sulphat^B  redden  litmus,  except  the  normal 
suljiliates  of  the  alkalies  and  alkaUne  earths. 

Heated  with  carbon  or  wtth  hydrogen,  they  may  all  be  decomposed. 
Different  reactions  occur  as  follows  : — 

{a.)  In  some  caaea,  as  with  the  sulphates  of  the  alkaliee  and 
alkaline  earths,  a  sulphide  remains,  CO,  II^O,  or  H^S  being  evolTed* 

(/3.)  Somelitnea  an  oxLido  is  formed  (M^,  Zn), 

(y.)  Sometimes  an  oxy-snlphide  is  formed  (Sb,  Mn). 

(3.)  Sometimes  the  metal  is  reduced  (Cu,  Hg,  Bi^  Ag,  and  tbe  nolle 
metals), 

[Note  that  in  those  cases  where  a  sulpliide  is  formed  from  a 
sulphate  by  heating  with  carbon  (a),  (f.//.,  BaSO,^+4C=BaS-|-4CO)» 
the  presence  of  the  sulphate  may  be  known  by  moistening  the  result- 
ing sulphide  with  HCl,  and  testing  for  H^^S  with  lead  paper.] 

Aefion  of  acids, — Nitric  acid  and  h/ilroddorir  acid  act  on  the  neutral 
alkaline  sulphates,  forming  acid  sulphates  and  chlorides  respectively. 
The  f'xed  acids,  such  as  boric  acid  and  phosphoric  acid,  when  fused 
with  the  sulphates,  decompose  them,  liberating  sulphuric  anliydride 
{see  page  7)* 

Action  of  water, — The  sulphates  generally  are  soluble  in  water, 
but^ 

(a.)  The  basic  sulphates,  with  BaSO^*  PbSO^,  and  Sn2804  are 
insoluble, 

(ft.)  SrSO.4,  CaSO^,  Ag5S04  are  nearly  insoluble. 

(y.)  And  HgiSO^is  decomposed  by  the  action  of  water  into  "turpeth 
mineral  ^*  (SHgO^UgSOj),  a  similar  result  occurring  in  the  caae  of  the 
sulphates  of  bismuth  and  antimony. 

All  the  insoluble  sulphates  are  decomposed  when  boiled  in  a 
solution  of  sodic  carbonate,  a  soluble  sulphate  and  an  insoluble  car- 
bonate being  formed. 

Organic  matter  also  decomposes  the  sulphates. 

Teats  and  Estimation  of  Sulphates.— (A.)  Solid^k  sidphau^  ;— 

(1.)  A  solMe  barium  salt ;  a  white  ppt.  of  BaSO^,  insoluble  in  nitric 
acid.     100  gra.  BaS04=42gr6H5S0^. 

(2.)  A  soluble  lead  or  lime  salt ;  a  white  ppt.  of  PbS04  or  CaSO^, 

(B*)  Instduble  mlphates  : — 

{!,)  Fuse  the  sulphate  with  a  mixture  of  sodic  and  potasaic  car- 
bonates, digest  the  residue  with  water,  and  test  the  titrate  for  s 
soluble  sulphate  with  BaCL. 

Or,  (2.)  Boil  the  sulphate  in  a  solution  of  sodio  carbonate^  and 
test  the  filtrate  for  a  soluble  sulphate. 

*  Note. — In  waters  containiDg  caleto  solphato  and  organic  matter,  a  Cftlctc  ral^i^ 
IB  formed,  even  at  ordinary  temperataroe,  by  the  action  of  the  organic  natter  an  tlw 
sulphate.    Tbo  «u1pMde  i»  decom|M)e«d  hj  tlie  carbonic  acid,  E^S  being  set  fjr«e,  wUsk 
impATts  to  the  waier  an  uopka^iuit  ta8t«. 
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Or,  (3.)  Fuse  the  insoluble  sulphate,  mixed  with  charcoal  and  eodic 
carbonate,  on  charcoal  with  the  blow-pipe.     Touch  the  residue  with  a 
op  of  acid,  when  TlJ^  will  be  evolved  from  the  Bulpliide  formed. 
Uses. — Plaster  of  Paris  (CaSi  )4)  is  used  in  the  arte.    The  sulphates 
re  largely  used  in  medicine,  especially  Epsom  saiia  (MgSO^jTHgO), 
Glauber  it    salt  a    (NajSOjJOHnO),    Fen^mis    snlphfttc    or    green    vitnoi 
fe^O^JU^O)^  Zimic  sulphate  or  white  vitriol  (ZuSO^, 711^0). 


Allies  of  the  Sulpil^tes, 

Selenatcs  (from  ielenic  acid^  IloSeO^,  or  SeOgllo^) ;  Chrornates  (from 

^hromie  acid  H^CrO^,  or  CrO^Hog) ;   Manganaie%  {ivovsi  manganic  acid, 

^^.MuO^,   or  MnO-JIOa) ;   Tutigsiutes  (from    tungntic  acid,    H.^AV04,   or 

IW^^-Hog)  ;     Molt/hdates     (from    moft/kfic     arid,     H^MoO^    (?),     or 
pffo6^Hoi.(?)) ;   Tellurates  (from  telluric  acid,  HoTeO^,  or  TeOnlloa). 


II*— Selenates, 

Defiuitioil. — Salts  formed  from  selenic  acid|  IljjSeO^  (S©O^IIo^), 
The  aelenates  are  closely  allied  to  the  eulphates.     They  are  decom- 
3Bed  when  boiled  with  hydrochloric  acid,  chlorine  being  evolved  and 
eelenic  acid  liberated.     This    is    first   converted  into  selenious   acid, 
l^'bich  is  immediately  reduced  by  the  sulphurous  acid,  and  selenium 
leposited. 
Tests. — (!•)  Salts  of  barium,    ntroutium,    anrl   kad ;    white   ppta.  of 
I      BaSeO^,  SrSeO^i  PbSeO|  respectively,  insoluble  in  dilute  nitric  acid, 
^m     (2*)  Banc  se/enafe  may   be  knowti  from  baric  mlphale  by  the  re- 
^mction   mentioned    above   with   hydrochloric    at-id,    and   also    by   ita 
^Pemitting  the  characteristic  selenium  odor  when  heated  on  charcoal 
^with  the  blow-pipe. 

■  III, '  Cliromates, 

•  Definition*— ^Salts  formed  from  chromic  acid  (Hr,Cr0.t  or  CrO^Ho^), 

Botli  normal  (M'/Jr04),  tu  id  and  bane  chromatoa  are  known.     They 

I       are  all  more  or  less  of  a  yellow  or  red  color.     With  potash,  chromic 

acid  forma  four  salts  j  viz,— (1)  K.^,0,Gr03  (chromate),  (2)  KeO,20r03 

J       (bichromate),   (3)  KASCrO^  (trichromate),    (4)   K.OHCrO.,   (tetra- 

cbromate). 

They  are  mostly  very  solulde  in  dilute  nitric  acid^   and  more  or 

108   soluble   in   water,    excepting  lead  ehromate,   PbCrO^   (chrome 

lUow),  argentic  chromate,  Ag.XVO^,  and  the  basic  chromates,  which 

insoluble.    The  chrornates  are  usually  decomposed  by  beat.    They 

ftre  not  acted  upon  by  sulphuretted  hydrogen^  but  the  green  chromic 

hydrate  (Cr^BHO)  is  precipitated  when  they  are  treated  with  ammonio 

sulphide,  or  with  the  caustic  alkalies  or  their  carbonates,  in  which 

latter,  excepting  in  the  case  of  amtuonic  carbonate,  they  are  soluble 

m  exceiis. 
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Tests- — (1)  Salta  of  siher  give  a  crimson  ppt,  (Ag^CrOi);  salti  of 
barium  aod  /cat/,  yellow  ppts.  (BaCrO^,  PbCrO^) ;  and  mrrcurom  mlUy  \ 
brick* red  ppt.   (IIg50r04).     These  precipitates  are  soluble  in  nit 
acid,  and  insoluble  in  acetic  acid* 

(2,)  Mix  tbe  dry  chromate  with  two  or  three  drops  of  sulphnnel 
acid  in  a  test-tube,  and  apply  heat,  when  cbloro-chromic  anhydride ' 
(OrOjCIf )  is  Bet  free,  and  may  he  known  by  the  red  fiunea  that  eon- 
dense  in  the  glass. 

(3.)  The  insoluble  chromates  must  be  ignited  on  platinum  foil  with 
a  mixture  of  nitre  and  an  alkaline  carbonate,  by  which  means  a 
Bolublo  alkaline  chromate  is  obtained  (KNaCrO^).  The  residue  is  to 
be  dissolved  in  water^  neutralized  with  acetic  acid,  and  tested  as 
above. 

(4.)  Chromates  (and  all  chromium  ealta)  impart  an  emerald  greea 
color  to  the  borax  bead. 


IV,— Manganates. 

DefinitioB, — Baits  formed  from  manganic  acid  (HgMnO^  or 
MnCUIo,;). 

Preparation. — By  the  action  of  heat,  in  air  or  oxygen,  on  a 
mixture  of  manganic  peroxide  with  caustic  potash,  or  baryta,  or  other 
substance,  according  to  the  salt  required. 

Properties* — The  manganates  are  colored  and  unstable  salts.  They 
are  soluble  in  water  containing  a  free  alkali.  In  common  water, 
however,  and  more  particitlarly  if  it  contains  a  trace  of  acid  (even  of 
free  carbonic  acid),  the  salt  is  decomposed  into  manganic  peroxide 
and  a  permanganate  (3K.MnO|  +  2H/J=K,Mn.08+MnOgH-4KnO), 
A  manganate  solution  is  decomposed  by  boiling,  the  solid  salt  bein^ 
also  decomposed  by  heat  with  the  evolution  of  oxygen.  The  man* 
ganates  are  decomposed  by  all  acids  ; — with  sulphurous,  phosphorous, 
and  hypophosphorous  acids  they  are  reduced  to  manganoas  salts, 
whilst  with  sulphuric  acid,  permanganates  are  formed.  All  organic 
matter,  (^.^.,  a  filter  paper)  deoxidizes  them,  setting  free  the  browa 
manganic  oxide  (Mn,>Oj).  The  presence  of  alkaliea  renders  the  mail- 
ganates  more  stable. 

Uses. — The  manganates  are  employed  as  disinfectants,  owing  to 
the  readiness  with  which  they  yield  oxygen  to  organic  matter* 
^*Condy^8  green  disinfecting  fluid,"  is  a  solution  of  sodic  manganate 
(Na^MnO^'l  dissolved  in  potash.  It  turns  red  (a  permanganate  being 
formed)  on  the  addition  of  an  acid, 

¥•— Tungstates. 

Definition. — Salts  formed  from  tungstic  acid  (H^WO^  or  WO^Hoi 
Tuugstic  acid  forms  both  normal  and  acid  salts*     Many  of  the 
Bt&tm  are  of  very  complex  constitution.    They  all  redden  litfi 
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re  all  decomposed  bj  hydrochloric  acid,  a  hydrate  of  tungstic  acid 

being  precipitated  (H^WO^jHiiO). 

Uses, — Sodic  tungstate  (Na2W04,2aq)  ia  used  by  the  calico-prmtera 

a  mordant,  and  also  for  the  piu-pose  of  rendering  muslins  nnin- 

^mmable.  Tungstate  of  baryta  has  been  used  as  a  paint,  in  the  place 

'  white  lead. 

VI.-Molybdates. 

Definition. —  Snlts  formed  from  molybdic  acid  (n^,Mo04  or 
[oOgllog  ?)   [N3* — M0O3  has  been  obtaiued,  but  no  definite  hydrate 

known.J 

Normal  and  acid  molybdates  have  been  prepared.  The  alkaline 
Qolyb dates  are  soluble. 

Ammonic  molybdate  is  used  in  the  laboratory  for  the  purpose  of 
Dipitating  phosphoric  acid.  The  solution  must  be  first  acidulated 
ith  nitric  acid,  and  afterwards  boiled, 

VIL-Tellurates. 

Definition* — 8alt3  formed  from  telluric  acid  (TI,.Te04  or  TeO„Ho2). 
le  tell  urates  are  unstable  salts.  They  give  a  black  precipitate  witli 
^8,     When  heated  they  evolve  oxygen,  a  tellurite  remaining. 


Othke  OxY-9nLPHO  Salts. 

VIII,— Hyposulphites  or  Hydrosnlphites. 

Definition. — Baits  formed   from   hypo-  or  hydro-sulphurous  acid 

or  SS^OHo^    (thiosulphurio 


The  acid  Jl,,^fis* 


tHj^SOa   or  SHoo). 
Did ),  is  often  improperly  called  hypos ulphuro us  acid. 

The  htfposufphifes  are  prepared  by  the  action  of  rinc  on  solutions  of 
10  acid-sal  phi  tes,  the  zinc  merely  removing  an  atom  of  oxygen  from 
tie  sulphite  (NanSO.,+Zn^ZnO  +  NaHSO.).     The  sodio  hyposul- 

lito  or  hydrosulphite  (NaHSOg)  is  soluble  in  water,  rapidly  absorbs 

Kygen  from  the  air,  becoming  NallSOa,  possesses  marked  bleaching 

ttowers,  reduces  salts  of  silver,  of  mercury  and  of  other  metals,  and 

rhen  warmed  with  an  oxalic  acid  solution*  becomes  of  a  deep  orange 

int,  B5SO2  being  liberated.   This  orange  color  of  the  solution  rapidly 

sappears,  free  sulphur  being  deposited, 

;*— Thiosnlphates  or  Sulpbo-Sulphates  (sometimes  called  Hypo- 
sulphites). 

Definition* — Baits    formed    from    dithionous,    thiosulphuric,    or 
Iphosulphuric  acid  (often  called  hyposulphurous  acid)   (1^48805= 
IS'OHoj), 

The  ihiomlphite  oi'  hjpomlpMU  of  soda,  (^a^^/)y),  as  it  is  called, 
id  other  thiosulphatea   may  be  prepared   either  (I;  by  digesting 


272 


HA^BBOC^K  OF   ICODBRST  CXTBinSTaT. 


together  sulphur  and  a  sulphite  (NagS0i+S=Naj8^0j),  or  (2)  Ij 
passing  80^  through  a  solution  of  a  metallic  sulphide, 

Sodic  hyposulphite  (NajSoO^)  is  prepared  commercially,  bj  exjios- 
iiig  either  the  refuse  of  alkali  works  (soda  or  tank  waste),  or  the 
refuse  lime  of  gasworks  which  contains  calcic  sulphide,  to  the  aiTf 
whereby  a  calcic  hyposulphite  is  obtained  (2CaSH-2O^^CaS£0sf 
CaO).  When  a  solution  of  this  salt  is  precipitated  with  sodic  car- 
bonate, the  sohible  sodic  hyposulphite  is  formed,  and  calcic  carbonate 
is  precipitated  (CaSA*fNaoC03=CaG0.,-f  Na.S/J^), 

The  thiosnlphates  are  sometimes  called  sulpho-sulphates,  from  being 
regarded  aa  sulphates  where  a  sulphur  atom  has  displaced  an  oxygen 
atom  {^.g^i  Na.^.SO^ — Xa.>S80^).  The  thiosulphates  are  all  decomposed 
by  heat  and  by  acids,  eulphuroua  acid  being  e^^olved  {S^,O.>=S  +  S0j. 
For  this  reason  a  metallic  sulphide  is  often  precipitated  when  a  hypo* 
sulphide  is  added  to  an  acid  solution  of  a  metal.  Thus  *'  aatimd^ 
venfiilion  '*  (Bb^S^)  is  prepared  commercially  by  acting  on  an  add 
solution  of  chloride  of  antimony,  prepared  by  dissolving  crude  anti- 
mony ore  (Sb^S^l  in  hydrochloric  acid,  with  calcic  hyposulphite  pre- 
pared from  alkali  waste. 

Uses, — Sodtc  Hf/posutphitef  or  thiosulphate,  is  used  for  extrartiDg 
argentic  chloride  from  an  ore.  It  is  largely  used  in  photography,  ibe 
alkaline  tbiosulphates  being  solvents  of  the  insoluble  argentic  salfa, 
thereby  forming  the  sweet-tasted  argentic  tkiosulphato,  which,  with 
any  excess  of  sodic  hyposulphite  forms  NaAgSjjOj. 


2AgCl 

Argon  tic 
cMoriiio 


+       NajS^Oa       =       2NaCl       H-        Ag.3<0j. 


+  Sodic 

thiosulphate 


Scxlic  4* 

chloride 


Argentic 

thiosulphftie. 


[Note :  The  white  AgCJ,  «>.,  the  salt  when  unacted  upon  by  light,  if 
eniirelt/  soluble  in  Nag^^r^Oj,  When  the  AgCl  has  been  exposed  to 
light  it  blackens,  forming  argentic  subchloride,  AggCl,  tind  &eechlO' 
rine.  When  this  argentic  subchloride  (AgjCl)  is  acted  on  with  ft 
solution  of  a  hyposulphite,  it  is  decomposed  into  AgCfl+Ag,  the 
chloride  being  soluble  in  the  hypoeulphite,  the  reduced  metal  lemaifl* 
ing  undissolved, 

Sodic  thiosulphate  is  also  used  as  an  *^  antichhr^^  for  remoringtlit 
last  traces  of  chlorine  from  bleached  goods,  a  process  known  as  "jh/A^ 
the  hUacfu*     It  is  also  used  in  medicine  (hyposulphite  of  soda,  B.P.>» 

Tests. — (1*)  Soluble  thiosulphates  dissolve  the  insoluble  arg(!iDtie 
salts. 

(2,)  Lead  salts ;  white  ppt.  of  plumbic  thiosulphate  (PbSjjO^). 

(3>)  Mercuroiis  nitrate ;  black  ppt.  of  mercurous  sulphide  (IIg«8)* 

(4.)  The  thiosulphates  decolorise  an  alcoholic  solution  of  iodine. 

(5.)  A  thiosulphate  is  docompoBod  by  11  CI,  the  thiosulphurie  acid 
(H^SgOj)  set  free  being  instantJy  decomposed  (2Hj;Sg03^2J 
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■  Sulphites  (Closely  aixied  to  Carbonates), 

I     DefinitiOQi — Salts  formed  from  sulpliuroua  acid  (HoSO^  or  SOHoj). 

■The  acid  forms  both  normal  and  acid  salts  (e.p.f  Na^SO^,  KTI8O3). 

I     PreparatiOQ' — By  acting  with  sulphurous  acid  on  the  oxides  or  on 

Ithe  carbonates    oi  the  metala,  either  in  solution  or  in  suspension  in 

Iwater. 

I     Ptoperties*^ — ^The  sulphites  are  solid  inodorous  salts.     The  alkalioe 

■sulphites  are  very  soluble  in  common  water,  the  sulphites  of  barium, 

btrontium   and  calcium  being  also  soluble  in  water  containing  free 

BO^  ;  the  remaining  sulphites  are  in  sol  u  hie. 

I     When  heated  they  are  decomposed  with  the  liberation  of  SO^. 

I     When  treated  with  sulpKanc  add  or  with  kifdrochtotic  acid^  SOg  is 

brolved  ;  nitric  acid  changes  the  sulphites  into  sulphates. 

I     Tlie   sulphites   have  a  great   affiuitj^   especially  when   moist,  for 

Ipxygen,  attracting  it  from  the  air.     They  act,  therefore,  as  powerful 

beducing  agents,  changing  ferrous  to  ferric  salts,  arsenic  to  arsenious 

■icid ;  reducing  chromic  acid,  and  precipitating  gold,  tellurium,  etc., 

■from  solutions  containing  an  excess  of  hydro uhloric  acid 

I      Tests* — (10    A   sulphite,    when    treated  with    hydrodiloric   acid, 

levolves    80^.     Sulphurous   acid   is  known  by   its   action   on   paper 

■paoifltened  with  starch  and  iodic  aoid, 

i     (2.)  Add  to  a  sulphite  dissolved  in  a  little  water,  a  fragment  of 

Bine  and  hydrochloric  acid  ;  KgB  (linown  by  its  blackening  lead  paper) 

raill  be  evolved. 

I     (3.)  Argentic  nitrate  ;  a  white  ppt.    of  argentic  sulphiti^    soluble  in 

iixcess  of  the  sulphite.     When  boiled,  the  metal  is  partially  reduced, 

land  sulphuric  acid  formed. 

I     (4.)  Baric  niiraU ;  a  white  ppt.  of  baric  sulphite^  miubie  in  HCl.     If 

b  few  drops  of  chlorine  water  be  added  to  this  solution,  baric  mlphate 

■is  formed,  which  is  insoluble  in  add^, 

I     UseS' — The  sulphates  are  employed  to  check  fermentation,  and  to 

■prevent  the  growth  of  fungi.     They  are  also  used  as  **  antiohlors"  to 

fexpel  chlorine  (Na.SOs  +  H.0  +  C]^=  Na^SO^  +  2HC1.) 

I  Hj^snlpliates  (Dithionates). 

I     Definition' — Salts  formed  from  hyposulphuric  or   dithionic    acid 
Itt  a  A  (  SOoHoV 

pAOfior  Jso;hoJ^ 

I     PreparatiOEr^'i'he  dithionate  of  manganese  is  prepared  by  passing 
B0«  through  ice-cold  water  containing  peroxide  of  manganese  (MnOf  1 
Kt.2SO,=MnSgOa).  I 

I  Properties — All  the  hyposulphates  are  soluble  in  water.  They  are 
lall  decomposed  by  heat,  a  sulphate  being  formed  and  HO0  evolved, 
KThey  are  all  decomposed  when  heated  with  sulphuric  acid  (SOj  being 
|g"iv8n  off),  but  they  are  unaffected  by  the  cold  acid,  thereby  dis- 
I  tinguishing  them  from  either  sulphites  or  hyp08ul2>hiteB. 
It  I 
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The  trithionates  (salts  of  H^>8,0fl)  \  teimthionaUs  (salts  of  Hi84O0), 
and  pentathionates  (salts  of  H^SflOg)  are  unimportant, 

N3.  Action  of  Sulphuric  Acid  on  Ox^sulpho  Said,  I 

(a*)  On  sulphates.  No  odor  is  evolredi  either  with  cold  or  hot»  or 
with  strong  or  dilute  acid. 

(/?,)  On  mlphites.  The  odor  of  SOg  is  evolved  with  dOute  acid  in  the 
oold, 

(y.)  On  hypoitdphatu.  No  odor  is  evolved  with  dilute  acid  in  the 
cold,  but  8O4  is  evolved  when  the  mixture  is  heated. 

(5.)  On  thiosulphat€s.  The  odor  of  SO,  is  evolved  with  a  dilute  acii 
the  action  being  accompQQied  with  the  deposition  of  sulphur. 


Nitrates, 


acid,^ 


Definition* — ^Compounds  formed  from  nitric  acid(HN03  orNOaHo). 

Synonyms* — A^otates  ;  Saltpetres. 

Natural  History, — Kitrates  are  produced  whenever  the  ammonia 
of  organic  matter  is  oxidized  in  the  presence  of  an  alkali.  They  are 
found  in  the  shallow  well-waters  of  towns  as  sewage  products,  formed 
bj  the  oxidation  of  the  nitrogen  during  the  passage  of  animal  matters 
through  the  soil.  They  are  found,  too,  in  the  juioes  of  plants,  and  tn 
the  urine  of  patients  who  have  taken  ammonia, 

Pata^ic  nitrate  (KNOj),  or  prismatic  niirei  is  found  on  the  soil  in 
India,  the  crude  nitre  extracted  by  solution  and  crystallization  being 
imported  into  this  country  under  the  name  of  '*  grough/*  Sodic  nitrati 
(NaNOj)  or  cubical  nitre,  is  found  beneath  the  soil  in  Chili  and  Peru, 
Although  sodic  nitrate  is  unsuitod  for  gunpowder  manufacture, 
owing  to  its  hygroscopicity  and  low  oxidizing  power,  it  15  easily 
converted  into  potaasic  nitrate  by  the  action  of  potassic  chloride; 
a  salt  imported  into  this  country  from  the  salt  mines  of  Stassfurth,  as 
well  as  obtained  from  the  refuse  of  the  sugar  beet  manufacture 
(NaN03  +  KCl=KN0,H-NaCl). 

Nitre  heaps  or  plantations  consist  of  masses  of  animal  refuse  mixed 
with  old  mortar»  etc,  and  moistened  from  time  to  time  with  urine  or 
stable  runnings.  Those  heaps  are  freely  exposed  to  the  air,  but 
sheltered  from  the  rain.  In  time  nitrates  of  the  several  baeee  present 
are  formed,  and  collect  both  on  the  surface  of  the  heap  and  in  the 
superficial  layer  of  earth  (nitrified  earth), 

Theoriesof  Nitrification*— Two  theories  have  been  advanced  to 
account  for  these  changes. 

I.  Schonbein  believed  that  the  formation  of  the  nitrates  was  due  to 
the  union  of  atmospheric  oxygen  and  nitrogen,  the  combination  being 
favored  by  the  presence  of  porous  soHds  and  of  matters  undergoing 
oxidation. 

II.  Most  chemists,  however,  hold  that  the  nitrogen  of  the  1 
pived  as  the  organic  matter  putrefies,  becomes 
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tion  being  promoted  by  the  presence  of  lime  and  of  porous  msterialki* 
Ptttrtfyimj  mtrogem'ted   matters,  moisture^  and  free    access   of  air  art 
tbcrefore,  the  essential  eonditiom  of  nitrification,  whilst  the  presence  oi 
a  bask  substance f  such  as  lime,  to  iix  the  acid  formed,  and  of  porous 
materials  to  assist  oxidation,  are  the  conditions  that  specially  favor 
the  action, 

Impurities  of  saUpetrea. — (a,)  Insoluble  earthy  and  vegetable 
matters;  (/3.)  potaesic  and  sodic  chlorides  and  sulphates;  (y.)  calcic 
siilphate ;  (hj  moisture.  Fotassic  chloride  is,  moreover,  a  special 
impurity  of  the  potassic  nitrate,  manufactured  from  sodic  nitrate. 

Purification  of  nitre  (Eefiningr). — A  saturated  solution  of  the  irn* 
pure  salt  in  boiling  water  is  first  prepared.  This,  whilst  boiling',  ig 
filtered,  to  remove  the  imolubh  impurities.  The  boiling  filtrate  is  then 
placed  in  troughs  and  kept  constantly  agitated,  so  that  the  crystals  of 
potassic  nitrate  that  form  may  be  small  (saltpetre  fi<nir),  Aa  the  water' 
cools  the  nitrate  crystallizes  out,  it  being  fuur  or  tive  times  more 
soluble  in  hot  than  in  cold  water  ;  whilst  the  sodic  and  potassic 
chlorides  do  not  crystallize  out,  inasmuch  as  they  are  almost  as  soluble 
csold  as  they  are  in  hot  water.  In  this  way  the  separation  of  the 
orides  from  the  nitre  is  effected.  The  nitre  is  then  washed  with  a 
little  water,  the  mother  liquor  and  the  washings  being  afterwards 
evaporated  to  dryness,  and  the  residues  added  to  the  *'grough^*  or 
impure  nitre. 

Any  coloring  matter  present  is  got  rid  of  by  animal  charcoal.     A 
^^pure  nitre  is  known — 

^ft     (1.)  By  its  solution  in  water  being  clear  and  neutral  to  test-paper, 
^H     (2.)  By  the  absence  of  insoluble  matter. 

^P     (3.)  By  argentic  nitrate  giving  no  precipitate  (proving  the  absence 
of  chlorides). 

(4.)  By  baric  nitrate  giving  no  precipitate  (proving  the  absence  of 
sulphuric  acid). 
(5.)  By  ammonic  oxalate  giving  no  precipitate  (proving  the  absence 
|w    of  lime). 

^m    Preparation  (artificial), — By  the  action  of  nitric  aoid  on  metals, 
^^CT  on  their  oxides  or  carbonates. 

Properties. — The  nitrates  are  all  crystallizable  solids,  of  various 
lors  and  shapes;  some  are  rhombohedric  (NaNO^),  some  doubly 
iiqne  (BiSNO,),  but  most  generally  right  prismatic.  They  have  a 
ne  taste,  but  no  odor.  Many  are  anhydrous,  but  they  more 
nerally  contain  six  molecules  of  water. 

Action  nf  heat — They  are  all  decomposed  by  heat,  and  generally 
16  before  decomposing. 

(a.)  In  some  cases  the  metal  is  entirely  reduced  by  heat,  as  s.g,^  the 
tFAlea  of  the  noble  metals. 

*  Mr>  WomngitOD  hft»  ktely  tuggeited  that  nitrification  is  a  procesa  simikr  to  tho 
♦lie  fermentAtion,  and  niAy  bo  induced  in  an  ammonia  wjlation  pWMtved  vtl  \i\e  ^niW 
'  lh«  action  of  a  mycodvnUr 
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^^3.)  In  some  caseB  nitric  peroxide  (N^O*)  and  oxygen  are  erolfrf^  I 
aih  oxide  remaining  (Pb2N03  't  CU2NO3).  ■ 

(y.)  Ammonic  nitrate   (H^N^NOj)  breaks  np  into   nitrous  oxide 
(NgO)  and  water.  J 

(3.)  The  alkaline  nitrates  are  first  changed  into  nltnt^s,  oxTge&l 
being  evolved,  tke  nitrite  being  afterwards  decomposed  with  ihtl 
evolution  of  nitrogen  and  oxygen,  tbe  oxide  only  remaining.  I 

In  tbe  presence  of  an  oxidlzable  body  (such  as  carbon)  the  actiolll 
of  heat   on  the  nitrates  is  very  energetic.      Thus  they  defiagrat^ 
when  placed  on  red  hot  charcoal.     (It  should  be  noted  that  the  chlo- 
rates and  allied  salts  act  similarly.) 

Nascent  hydrogen  decomposes  them,  forming  ammonia. 

Sulphuretted  hydrogen  decomposes  the  nitrates  of  those  metals  that 
have  a  strong  affinity  for  sulphuric  acid,  such  as  Ba,  Pb,  etc. 

Action  of  wnter, — The  nitrates  are  nearly  all  soluble  in  water, 
except  the  basic  nitrates,  such  as  the  green  basic  cupric  nitrate 
(Cu^NOjjnuH^O.y.  Mercairons  nitrate  (Hgc*2NOjj,2HeOj  and  bis- 
muthoiis  nitrate  (Bi3N03,6H,20)  are  decomposed  by  water,  a  basic 
salt  being  formed. 

Many  of  the  nitrates  are  deliquescent,  such  as  NaNOj»  Ca2N0^ 
NH^NOj,  etc. 

Action  of  adds. — ^The  nitrates  are  all  decomposed  by  acids.  With 
mlphnric  acid  nitric  acid  is  set  free,  and  with  hydrochioric  acid  chloriact 
The  Jij-ed  actd»  (such  as  phosphoric,  boracic,  et^j.)  decompose  them  by 
heat. 

Action  of  alcohol, — They  are  g^enerally  insoluble  in  alcohol,  ejtcept- 
ing  a  few,  such  as  calcic  nitrate,  cupric  nitrate,  strontic  nitratti, 
etc- 

Tests.^ — (10  Hydrochloric  acid^  mixed  with  a  nitrate,  dissolve! 
gold-leaf.  (N.B, — A  similar  result  occurs  when  HCl  is  added  to 
solutions  of  chlorates,  bromatesj  and  iodates.) 

(ii.)  If  a  nitrate  be  heated  with  a  few  drops  of  water,  and  a  little 
sulphuric  acid  and  a  few  copper  turnings  added,  NjOg  will  be  evolved, 
which  is  known  by  its  forming  red  fumes  (N2O4)  in  the  presence  <d 
air  or  oxygen.  (When  the  nitrate  is  present  in  very  small  quaatitj* 
the  presence  of  N.^n^  tnay  be  known  by  its  action  on  paper  moist«Dt?d 
with  starch  and  potassio  iodide.) 

(3.)  If  a  crystal  of  ferrous  sulphate  (FeSO^)  be  dissolved  in  » 
nitrate  solution,  and  sulphuric  acid  be  poured  down  the  sides  of  the 
test-tube  so  that  it  may  inrm  a  layer  at  the  bottom,  a  brown  line  will 
he  produced  at  tho  junction  of  the  two  layern,  due  to  tbe  solution  ia 
one  portion  of  the  ferrous  salt,  of  the  nitrii:  nxule  set  free  by  tlie 
deoxidizing  power  of  another  portion. 

(4.)  The  conversion  of  the  nitrogen  of  a  nitrate  into  ammonia,  bf 

the  action  of  nascent  hydrogen   set  free  either  by  jcinc  nnd  Rulpbam 

I  acid,  or  by  a  caustic  soda  solution  and  alumintum,  and  l; 
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tlie  ammonia  by  Nesslerieing,  ronstitute  a  very  delicate  quaixti' 
ktive  test  for  the  presence  and  estimation  of  nitrates. 
Uses* — ^^^r  gunpowder,  manures,  and  for  tht*  manufacture  of  nitrio 
4cid.     The  nitrates  are  in  constant  requisition  in  the  laboratory  as 

iddizing  ^ents. 
In  medicini,  the  ammonic,  ferric,  plumbic,  argentic,  and  potaasio 
trates,  and  a  subnitrate  of  bismuth  (really  an  oxy-nitrate,  BiONO^i) 
e  officinal. 


Otheh  NiTRo- Oxygen  Salts. 

Nitrites. 
Compounds    formed    from    nitrous    acid   (UNO^   or 


E^  Definition, 

B  PrepVEtion.^ — ( 1 0    ^y  the   action   of  nitrous   acid    on    metallic 

Pddea  or  hydrates  (KHO-f  HNO.=KN02  +  H.O}. 

(2.)  By  the  action  of  heat  on  certain  nitrates,  whereby  oxygen  is 
evolved  (KNOj^^KNO^  +  O). 

^  (3.)  By  the  oxidation  of  ammonia  or  nitrogenizod  organic  matter 
i^B  in  polluted  well-water), 

(4.)  Nitrites  of  the  alkalies,  etc.,  may  be  prepared  from  nitrates, 
by   Btirring  their  boiling  solutions  with  a  rod  of  zinc  or  cadmium 

^Boboubein), 

H  (5,)  Amraonic  nitrite  is  said  to  be  produced  during  the  spon- 
taneous oxidation  of  phasphoms  in  the  atmosphere,  due  to  the  action 
of  ozone  on  moist  air. 

Properties,^ — "^be  nitrites  are  soluble  in  water  and  in  alcohol,  iu 
which  latter  solvent,  for  th©  most  part,  the  nitrates  are  insoluble. 
The  nitrites  of  silver,  sodium  and  lead  are  anhydrous.  Several  double 
nitrites  have  been   prepared,    as   eg,,    a  compound  of  nitrite  of  po- 

rssium  with  a  nitrite  of  either  barium,  zinc,  or  nickel. 
Acid  solutions  of  the  nitrites  act  both  as  (a)  oxidizin/f  agents,  as 
thown  by  their  decolorizing  indigo,  and  also  (/3),  m  redutint/  agents,  aa 

town  by  their  decolorizing  potassic  permanganate,  reducing  potassic 
romate  to  a  green  chromium  salt,  and  auric  chloride  or  a  merciu'ous 
It  to  their  respective  metals. 
Tests. — (1*)  Arpentw  Nitrate,  A  white  ppt  of  argentic  nitrite 
«N0,). 
(2.)  A  nitrite  solution,  acidulated  with  a  few  drops  of  sulphuric 
acid,  sets  free  iodine  from  KI,  which  turns  blue  with  stai'ch.  (This 
test  gives  no  action  with  nitrates.) 

[Note  :  If  organic  matter  be  present  in  the  solution,  the  nitric  add 
iet  free  from  a  nitrate  by  sulphuric  acid,  may  be  reduced,  and  will  then 
show  the  reactions  of  a  nitrite.  Hence,  in  such  a  case,  acetic  acid 
fihould  be  added,  the  liquid  distilled,  and  the  distillate  tested] 

Uses.— Nitrite  of  ethyl  (CsH^NO^)  is  the  chief  constituent  of  epi- 
IS  setheris  nitrosi  (sweet  spirit  of  nitxe). 
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The  Hyponitrites  (salts  of  N^O  as  NaKO)  are  of  no  hnportooe. 
Sodic  hyponitrite  (NaNO)  ia  said  to  be  formed  by  the  action  of  sodium 
amalgam  on  a  nitrate.     On  the  addition  of  an  acid  N^O  is  evolved. 

Salts  Axued  to  the  NrrRAXEa. 
ChloTQiea   [formed  fromcA/aricf  acid,  HOiO,,  or   |  q^^)  ;    Bromaiu 
I  formed  &om  bromicacid,  HBrOj,  or  j  q^^  J  J  lodates  j  fonnedfrom 

iodic  acidt  HIO^  or  \  qct^  J » 

We  shall  consider  these  together. 
Natural  History. — None  of  them  are  fonnd  native. 
Preparation- — By  the  action  of  chlorine,  bromine,  or  iodine  on 
metallic  hydrate.     Thus — 

6KH0^       4-     301^    ^         5KCa         +        KCIO^         +   SHjO. 
Fatauio  hydrate  -f  CUorrne  ==  Pota«iio  chloride  -♦-  PoUmic  chJoiate  +  Wiit«r. 

(gOKH       +     aCl,    =         5K01  +         jg^         +30He) 

Properties, — They  are  all  very  nearly  related  to  nitrates.  In  om 
respect  the  lodates  are  peculiar,  viz.,  that  a  basic  molecule  may  com- 
bine with  more  than  one  molecule  of  the  acid.  Thus  we  have — 
(1.)  Normal  potmm  todale  (KlOa) ;  (2.)  Potmm  diiodate  {2KL0^Jfii)  J 
(3.)  Fotamr  triwdat4  {KIO^XP^Y 

Jiiion  of  HeaL — The  chlorates,  bromates,  and  iodates  are  all  de- 
composed by  heat,  one  of  two  results  occurring — either  (a.)  Oxygen 
only  is  driven  off — a  chloride^  bromide^  or  iodide  remaining — t,e.j  if  tha 
affinity  of  the  metal  for  the  haloid  is  greater  than  it  ia  for  oxygea^ 
Thus  2KIOj=2K:I  +  303  ;  or,  conversely— 

(jd.)  Oxygen  and  the  haloid  element  are  both  given  ofT,  an  a«3f 
remaining,  i.«,,  if  the  affinity  of  the  metal  for  oxygen  is  greater  than 
it  is  for  the  haloid.     Thua  2(Ba2lO,j)=2BaO  +  50jj+2l«. 

Mixed  with  a  combustible  element  they  all  deflagrate  when  heated, 
and  explode  when  struck.  Paper  soaked  in  their  solutions  and  dried 
burns  like  touch-paper. 

Action  ofmnd^. — They  are  all  decomposed  by  arids.  Sulphuric  ttdd 
decomposes  them,  setting  free  from  the  chlorates  the  yellow  chh>nc 
peroxide  (Cl504)»  whilst  from  the  bromates  and  iodalee,  oxygen  and 
bromine^ or  oxygen  and  iodine,  are  set  free  respectively.  Mt/drocKhric  acid 
liberates  one hlorine  from  the  chlorates,  and  chlorine  with  bromine^  o? 
chlorine  with  iodine,  from  the  bromates  and  iodates  respective] 
Nitric  acid  forms  with  the  chlorates  a  nitrate  and  a  perchlorate,  wil 
the  liberation  of  oxygen  and  chlorine. 

Action  of  water. — The  chloraUs  are  nearly  all  soluble  m  water,  aD( 
are  deliquescent   (mercurous   chlorate  excepted).     The  BramaU9_ 
I  mostly  soluble  in  water,  the  mercurouB,  silver  and  lead  bromates 


TBSXmUQRATEB  AKD   PEBI0DATB9.  279 

the  least  Boluble.     The  iodat€3j  excepting  the  alkaliiie  iodates,  are 
but  sparingly  soluble  in  water. 
Action  of  alcohol. — Many  of  the  salts  are  Boluble  in  alcohol. 
All  the  salts  of  this  group  act  as  oxidiziBg  agents.     The  ehlorates 
or  this  purpose  are  in  constant  use  in  the  laboratory,  chloric  acid 
being  get  free  by  the  action  of  hydrochloric  acid  upon  them.     In 
way  protosalts  may  be  changed  to  persalts. 
Tests* — ^They  all  deflagrate  when  placed  on  red  hot  charcoal 
Chlorates. — (L)  No  precipitate  with  argentic  nitrate:  a  chlorate  is 
HUB  known  from  a  chloride.     If  the  salt  be  one  (like  KClOj)  forming 
chloride  by  heat^  the  solution  of  the  residue  after  ignition  (iCCl)  will 
give  a  precipitate  of  AgCl  with  argentic  nitrate. 

(2.)  Add  a  few  drops  of  indigo  to  a  solution  of  a  chlorate.  On 
^adding  a  solution  of  sulphurous  acid,  the  indigo  will  be  bleached, 
chlorate  may  in  this  way  be  known  from  a  nitrate,  for  with  the 
itter  the  blue  color  remains  unaltered. 
(3,)  On  heating  a  chlorate  with  IICl  the  yellowish  green  gas  called 
chlorine  is  evolved. 

(4.)  On   adding  sulphuric   acid  to   a  chlorate,  chloric  peroi^de  is 
solved. 
Bromates, — Bromine  is  set  free  when  a  bromide  is  heated  with  sul- 
luric  acid, 

lodatts, — If  a  sulphurous  acid  solution  be  added  to  a  solution  of  an 
'lodate,  an  iodide  is   formed   (KIOa  +  ansSO-^^^KI  +  SH^SOj.     The 
iodide  may  then  be  detected  in  the  usual  way,  with  AgNO^  or  by 
starch. 

OxKBR  OxT-SAiTS  OF  CHi/>KnrE,  Bromixb,  Aim  Iodine. 
PercMorates  and  Periodates. 

/  rOCl  X 

Definition. — Salts  formed  from  perchloric  acid    nC104  or  <  U 

\         ioHoy 


and  from  periodic  acid  [B.IO^  or  ^.' O         ). 


f  HIO4  or  I  O       \ 
\  (OHa/ 


Potassio  perchlorate  is  formed  either  by  heating  potassic  chlorate, 
discontinuing  the  heat  when  one-third  of  the  oxygen  has  been 
evolved  (2KCIO3  =  ^Cl  +  KCIO^  +  0^)  ;  or  by  acting  on  potassic 
chlorate  with  boiling  nitric  add  (31CC105+2HN05=2KN03+HgOH- 
KClO^+Cl^j  +  aOg). 

8odic  periodate  is  formed  by  the  action  of  chlorine  on^a  mixed 
solution  of  sodic  hydrate  and  iodato  (NaI02+2NaH04-cC— NalO^ 
H-H«0  +  2NaCl). 

The  perchlorate*  ar©  all  soluble  in  water,  and  many  are  soluble  in 
alcohoL  They  are  all  decomposed  by  heat,  with  the  formation  of  a 
chloride  and  the  evolution  of  oxygen. 
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The  ptrtoilateg  are  sparingly  soluble  in  water,  but  soluble  in  diltitt 
nitric  acid.  Tliey  are  all  decomposed  by  heat.  Periodic  acid  has  a 
tendency  to  form  ba^ic  salts,  just  as  iodic  acid  has  a  tendency  to  form 
ticid  aalts> 

To  distinguish  a  chlorate  from  a  perchlorate,  add  a  few  drop«  of 
Btdphuric  aoid  to  some  ciystals  of  the  sail  A  yellow  gas  ia  ©volTed 
in  the  case  of  chlorates,  but  none  in  the  case  of  perchloratea^ 


CMorites- 

Definitioil,— "Salts  formed  from  chlorous  acid  (HCIO^  or  OClHo). 

PreparatioB. — By  the  action  of  chlorous  acid  upon  a  base. 

Properties* — I'he  chlorites  are  solid  deliquescent  salts,  decomposed 
by  heat  and  by  the  feeblest  acids  (as  COo).  They  possess  consideratjl* 
bleaching  power,  and  deoxidize  an  acidulated  solution  of  potasaic 
permanganate. 

Hypochlorites. 

Definition, — Salts  formed  from  hypochlorous  acid  (HCIO  or  OCIH 
or  ClHo). 

Preparation- — By  the  action  of  hypochlorous  acid  on  metallic 
oxides  or  hydrates. 

KHO^      -h  HCIO         =  Kao  -f-   H^a 

Potassic  hydrate     -f     Hypochlorous  acid    ss    Potasaic  hypocklorite      -f-    Wat«. 

(OKH       +  OlHo  =  ClKo  +   OH^)* 

Properties, — The  hypochlorites  are  bleaching  salts,  and  are  dfr 
composed  by  the  feeblest  adds.  Heat  deoomposea  them,  forming! 
chloride  and  a  chlorate  (3KC10=2KCl-|-KClOj). 

The  interest  of  the  hypochlorites  is  centred  in  what  is  called 
**  chloride  ofUme^^*  or  bleaching  powder.  This  is  prepared  by  actiB|f 
on  slaked  lime  (calcic  hydrate)  with  chlorine.  The  temperature  muM 
be  maintained  below  100*^  F.,  or  otherwise  calcic  chloride  and  chlorate 
would  be  formed.  The  potassic  and  sodic  chlorides  are  prepared  ia 
a  similar  manner.  It  was  formerly  thought  that  a  chloride  and  i 
hypochlorite  were  formed  during  this  process.     Thus — 

2CaH^0^  +  201^  =  CaCl^  -f  Ca'^Cl^.O^  +  211^0, 
Calcic  hydrate    +    Chlorme   ^    Caldc  chloride   +  Cakic  bypockloiite  +    W*t«. 

(^CaHo^     +     2CI3     =        CaCl.       +        Cao'XI^        +20: 
but    of  this  there  is  considerable    doubt,    inasmuch  as   bleachini 
powder  contains  no  calcic  chloride,  and  is  not  deliquescent  (wl 
properly   made).      Hence   the    composition   of  bleaching-powder  u 
usually  stated  as  consisting  of  a  calcic  chloride  hypochlorite,  CaCl(OCl}i 
Thus— 


CaHjOj       + 

Clj         =         CaG(OOl)        + 

Calcic  hydrate    + 

Chlorine    ss    Bleacbuig  powder    + 

(OaHoj     + 

C\       =       Ca(Oa)Cl       + 

T    U 

H«0.        I 


ORTHOFBOSPtrATES* 


2n 


When  **  chloride  of  Unu  **  is  exposed  to  the  air  it  gives  off  chlorine, 
tli#  ortioQ  of  atmospheric  csarbonio  aahydride  upon  it*     Hence  ita 
\  QM  admnftctant.     The  evolution  of  chlorine  is  considerable  wheii  a 
•iztmi^arid  is  added  to  the  compound  (Ca(OCl)Cl-f  H^S04=Ca80^+ 
^sfO^-ClJ).     It  is  al&o  used  as  a  Umchmg  ageni  i^depending  on   the 
Kixidiring  action  of  chlorine),  the  goods  being  iirst  digested  in  a  solu- 
tion of  bleaching- powder,  and  afterwards  transferred  to  a  weak  acid 
"aolutiou,  whereby  the  chlorine  is  set  free  and  the  bleaching  effected. 

To  distingnifh  a  chlorite  from  a  htjpoihlontey  add  to  the  solution  of  the 
aalt  a  solution  of  arsenious  anhydride  and  nitric  acid ;  the  bleaching 
power  of  the  chhrttts  remains  unaffected,  whilst  that  of  the  k^po- 
dUofiUi  is  destroyed. 


Phosphates  (*<?epage  134). 

ClassifiGation  :— 

hophosphate^^  compounds  formed  from  orthophoephoric  acid^  n3P04. 
ptfrophogphaU3f  ,^  ,,  pyrophosphoric  acid,  H^P^Oy. 

i€taphQ9phat€8y  ,j  ,,  metaphosphoric  acid^  HPO^. 


Add  salts ^ 


Noniial  salt 


I, — OrtilOphosphateSi  or  Cofwnon  Phosphcdea. 

DefinitioE. — Salts  of  tribasic  phosphoric  acid,  H^PO^,  or  POHo^. 

Preparation  of  Uydric  Disodlc  Phosphate  (common  sodic  phos- 
f»bate). — By  the  action  of  sodlc  carbonate  on  acid  calcic  phosphate. 

Varieties  of  Orthophosphates. — One  or  M  of  the  hydrogens  of 
the  acid  may  be  replaced  by  a  metal.     Thus — 

^H  NaH2P04=8odic-dihydrogen  phosphate 
^^^^  (superphosphate). 

^^^H  NafHP04=DiBodic- hydrogen  phosphate 

^^^V  Na^PO^     =Trisodic  phosphate 

Or  the  three  hydrogens  may  be  replaced  by  diiferent  metals.  Thus — 
HNaNHjPO^  +  4aq=nydric  sodic  ammonicphosphate(microro^m/c««/^). 

Properties. — The  orthophosphates  are  solid  salts,  having  a  saline 
taste  but  no  odor.  They  fuse  by  heat,  but  are  not  decomposed  if  the 
base  of  the  salt  be  a  fixed  one.  Acids  decompose  and  dissolve  them. 
The  phosphates  of  the  alkalies  are  soluble  in  water,  but  the  rest  are 

soluble.  The  insoluble  phosphates^  excepting  calcic  phosphate,  are 
[ecomposed  on  boiling  with  sodic  carbonate. 

Tests. — (10  Argentic  nitrate;  a  yellow  ppt.  in  a  neutral  solution 

2.)  Magnmc  Eulphute  and  ammonia;  a  white  ppt.  (NH4MgP0^4V 
'^)^  which  by  heat  becomes  MgaPjOY  (100  part8=63*9d  of  PgO.  in. 
\  Ammonic  mobfbdati;  a  yellow  ppt.  when  boiled  in  a  boImI 
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IL— Pyrophosphates. 

Definition.— Salta  of  pyrophosphoric  acid  (H^P^O^,  or  PjO^Ho^Y 

PreparatiOB  of  SaHc  p^aphafphate, — By  igmting  oommoa  fio4io 
phosphate,     (Thua,  2NasHPO4=H3O+NaJp5Oy0 

Most  of  the  pjTophoBphatea  are  solid,  excepting  the  Baits  of 
potassium  and  ammonium.  They  are  eaaily  converted  into  meta-  and 
ortho-pliosphatesy  by  the  addition  or  abstraction  of  water,  or  of  a 
metallic  base. 

Tests,  —  Argentic  niirate ;  a  white  ppt.  in  alkaline  solutioaa 
(Ag,PA). 

nL— Metaphosphates. 

Definition,^ — Sails  of  metaphosphorio  acid  {HPOjp  or  PO^Ho). 
PreparatiQn  of  Sodic  metaphosphate. — By  the   ignition   of  micro- 
cosmic  salt  (HKaNH4r04=NaP03H-NH3+HB0), 

Test*^ — Argentic  nitrate;  a  white  gelatinous  ppt.  (AgPOj). 


Two  other  phoapbates  have  been  studied  by  Fleitmann  and 
Henneberg.  They  are  formed  by  fusing  together,  (I)  one  part  of 
pyrophoephate  and  two  of  metaphosphate^  the  salt  formed  having 
the  composition  ^Na^PO^.P^O^;  and  (2)  one  part  of  pyrophoephata 
and  eight  of  metaphoBphate,  the  salt  formed  having  the  compositiaii 
4Na5P04.3p205,  They  are  unstable  salts,  but  form  definite  argentic 
and  magnesic  compounds  (see  page  139), 

All  phosphates  are  converted  into  tribasio  phosphates  by  fusion 
with  an  alkaline  hydrate  or  carbonate. 


Other  Oxy-Phosphorus  Salts. 

Hypophosphites- 

Definition* — ^Salta  formed  from  hypophosphorous  acid  (HPH^Oft 
or  POH.Ho). 

Preparation. ^By  acting  on  a  metallic  hydrate  with  phosphorus 
(Pb+  6H.0  -f  3CaH,0.=3(Ca'^2PH  A)  +  2PH3. 

Proper ties.-^The  salts  are  monobasic,  as,  «.^.,  NaPHoO^  aoA 
Pb'2PH^0^,  They  are  all  delii|ueecent  crystalline  stable  solida  Bf 
evaporating  down  their  solutions  tliey  are  converted  into  phosphite*. 
The  hypophosphites  reduce  gold  and  silver  salts.  They  are  all  soluble 
in  water ;  whilst  the  alkaline  hypophosphites  are  also  soluble  i& 
aloohoL     They  are  all  decomposed  by  heat. 

«<  SodcB  hypophaapMi  "  is  a  pharmacopOBial  preparation- 


1 
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Phosphites. 
>efinition.— Salts  formed  irom  phosphorous  acid  (HgPHO„  or 


Properties. —  Sci^i  bodkA.  w^mamzij  aooKble  im  vatcr«  exK^ippc 
the  phoephmses  of  iLe  Alkmliet^  vhicii  mi^  freehr  tolaUe.  On  Ui« 
mpplicatkn  of  h«ar.  the  mfrmml  pho^jldiee  evolve  hjdiagtii  mud 
phoephoretted  hTdropen.  vkOst  the  mad  phcHphites  eroire  hjdzog^tt 
onljy  And  leare  a  mec^hoephmxe. 

TeetB. — }']  Mtrcmrvc  tiloridt :  m  vhite  fpL  of  eilomel  in  m  sola* 
tion  addulmted  whh  aeecic  add. 

(2.)  SmlfJummi  acid  is  rednced  bj  the  phosphites  to  H^«  the  pr»- 
cipitation  of  sulphur  resulting  from  the  action  of  the  H^  on  the 
excess  of  sulphurous  add  (3H^HOj+H^,=SH,P04+H«S). 

AtJ.T1«   of  THS  PHOSPHJLTia. 

Ar$enaUs  (salts  of  azsenic  add,  HjAsO^,  or  AsOHoj);  A^tivt^ 
nates  (salts  of  antimonic  acid,  or  antimonic  anhjdride  Sb^Oj). 

Arsenates. 

SefinitioiL — Salts  formed  from  arsenic  add  (H3A8O4  or  AsOHo^)* 

The  arsenates  are  isomorphous  with  the  phosphates.     Thus — 

Na3A804,12H20  is  prepared  by  adding  an  excess  of  sodio  hydrate 
to  arsenic  acid,  and  evaporating. 

Na2HAs04,12HfO  is  prepared  by  adding  sodic  carbonate  to  a  hot 
solution  of  arsenic  add  until  effervescence  ceases,  and  evaporating, 

NaH^04,H20  is  prepared  by  adding  to  the  previous  salt  an 
equivalent  quantity  of  arsenic  add  to  that  which  it  abready  contains. 

liS^ksO^  is  prepared  by  fusing  together  nitre  and  arsenious  add, 
dissolving  the  residue  in  water,  and  crystallizing. 

(n4N)MgAs046H20,  a  body  isomorphous  with  the  phosphate  salt, 
is  prepared  by  adding  magnesic  sulphate  to  a  solution  of  an  alkaline 
arsenate  to  which  ammonia  has  been  added. 

Properties. — In  form  and  reactions  the  arsenates  are  very  similar  to 
the  tribaeic  phosphates.  Arsenates  are  also  known  corresponding  to 
the  meta-  and  pyro-phosphates  (Na4As207).  The  arsenates  may  be 
prepared  in  an  anhydrous  state,  but  when  redissolved  they  recover 
their  basic  water.  Heat  alone,  provided  a  fixed  base  be  present, 
does  not  decompose  them.  They  are  decomposed  by  nascent  hydro- 
gen, arseniuretted  hydrogen  being  evolved.  Adds  decompose  them. 
Water  dissolves  the  alkaline  arsenates  only,  but  they  are  all  soluble 
in  dilute  nitric  acid. 

Tests. — (1.)  Lime,  lead,  and  hcarium  salts;  white  ppts. 

(2.)  Argentic  nitrate;  a  brownish-red  ppt.  of  triargentic  arsenate 
(Ag3As04).  (This  test  distinguishes  the  eaBenates  from  the  arsentVei.) 

(3.)  Sulphuretted  hydrogen;  a  yellow  ppt  of  AS2S5,  soluble  in 
ammonia. 

(4.)  Add  a  few  drops  of  cupric  sulphatSf  and  carefully  drop  m  diluU 
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ammonia  untO  a  grec'D  precipitate  is  produced  (CuHAsO|).  TU 
aracnute  solution  must  be  neutral,  Tlia  cupric  arsenate  is  soluble  h 
acids  and  in  alkalies. 

XT  SOS. — The  arsenate  of  soda  and  the  arsenate  of  iron  (Fe,2A&<J4) 
are  used  in  medicine. 

Tbe  Vanadates,  or  salts  of  a  base  and  yanadic  anhydride  (VA)i 
have  been  studied  by  Eoscoe.  They  are  usuaUy  red  or  yellow  bodies. 
Boiled  with  eulphuric  acid,  alcohol,  and  sugar,  or  heated  with 
sulphuretted  hydrogen  or  sulphurous  acid,  they  form  a  deep  blua 
solution. 

The  Antimonates  closely  resemble  the  arsenates.  The  alkaline 
salts  are  obtained  by  the  action  of  antimonic  anhydride  on  a  hydrate. 
They  are  decnmpoeed  by  an  acid,  8b2054H20  bein^  precipitated. 
There  are  said  to  bo  two  modifications  of  antimonio  acid » viz.,  antifmmc 
ffdd,  formini?  the  normal  salts  K^SbgO^,  and  meiantimomc  acid^  whidi 
forms  the  normal  salt  K^Sb^Oy. 

The  mhihh  and  metantim&nate  of  potasmtm  (K^Ti^Bb^Oj,QTLJ0)  pre- 
cipitates soda-salts  as  an  insoluble  acid  sodic  metantimonaii 
(NaoHoSb/^^ifiH/)),  The  acid  potassic  salt  rapidly  changes  to  A 
normal  salt,  but  this  latter  does  not  effect  the  precipitation  of  sodic 
compounds. 

Othee  Oxy*Aesbnicum  Salts. 

The  Arsenites  of  the  alkalies  may  be  formed  by  diasolriii^ 
arsenioua  Bnhydride  (As^O,)  in  solutions  either  of  the  alkalies  or  of  th^ 
alkaline  carbonates*  M'^AsO^  is  believed  to  represent  the  fonnalt 
for  these  salts.  The  alkaline  arsenites  are  soluble  in  water;  the 
arsenites  of  the  earths  are  insoluble  in  water,  but  are  soluble  in 
acids. 

The  tripotmsic  arsmite  (Fowler's  solution,  or  liquor  arsenicaliA) 
(K^AsOj),  is  used  in  medicine.  The  alkaline  arsenites  are  used  sa 
sheep-dipping  mixtures,  and  also  by  naturalists  as  an  arsenical  sosp 
to  preserve  the  skins  of  animals.  Sodic  arsenite  is  used  to  preyent 
the  incrustation  in  boilers. 

Cvprie  arsfnittf  or  **  Scheeh's  greeny''*  (CuHAsO,),  and  a  mixed  cuprie 
arsenite  and  acetate,  OT  **  Schweinfurt  green  ^*  (3CuAa304>Cu2C«H,Oj ),  i 
used  as  pigments. 

The  arsenites  have  a  great  tendency  to  become  arsenateSi  owing  1 
the  greater  stabiUty  of  the  latter. 

Carbonates* 

B^finition, — ^Salts  formed  from  carbonic  acid  (HjCOj^or  CO^jHoi  (?)j 
Katural  History—They  are  found   in  all   three   kingdoms 
n&tuTG  ;  (a.)  in  the  mneral  kingdom  (as  e.  g,,  CaCOj 
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ff^itahUf  aatf.  ^.p  pearlash  (potassic  carbonate)  in  the  aeliee  of  la&d- 
plauts,  and  aodio  carbonate  in  the  aebea  of  marine  plunts  ;  (y.)  iu 
^the  ammal  kingdom^  carbonates  are  found  in  bones,  shells,  blood, 

ine,  deposits,  etc. 

Preparation*^ — (l*)  Sodic  carbonate  is  prepared  irom  sodic  chloride, 
ij  lirst  cunvertiLig  it  into  a  sulphate,  and  aiWwards  heating  It 
with  chalk  and  coal  (sec  pag^e  302). 

(2,)  From  the  ashoa  of  plants  by  lixiviating, 

(2{.)  By  the  action  of  an  alkulinu  carbonate  on  a  metallic  salt 
^(Pb^^O^  +  Na,C03=-2NaN(},  +  PbCO,), 

[N.B.^ — The  carbonates  are  never  formed  by  the  action  of  carbonio 

hydride  on  a  dry  metallic  oxide.] 

Properties* — The  earbunatcs  generally  crystaHixe  in  right  prisma  j 
onie  in  ublique  prisms  (Na),  and  aome  iu  rhomboids  (Ca,  Fe,  Zn). 

Action  oj  /ir<^^— Amnionic  carbonate  volatilizes  when  heated.  The 
larbonatea  of  the  alkaline  metals  and  barium  are  unaffected  by  heat, 
other  carbonates  are  decomposed,  COg  being  evolved,  and  a 
inetalhc  oxide  lefL 

Action  of  Qcith.—AM  cai'bonates  are  decomposed  by  acids,  with  the 
evolution  of  COj, 

Action  of  water, — ^The  alkaline  carbonates  are  soluble  in  water.  Many 
carbonates  that  are  insoluble  in  common  water,  are  soluble  in  water 
eon  tain  in  g  COg  in  solution,  but  are  deposited  as  the  CO^  escapes. 

any  of  them  are  anhydrous. 

TestS-^An  acid  sets  free  COg,  which  whitens  baryta  or  lime-water 
(forming  BaCOj  and  CaCOj),  the  precipitates  being  soluble  in  an 
acid. 

Uses. — The  sodic  salt  is  largely  used  in  every  day  life,  and  also  in 
tnedicine.  The  ammonic,  bismnthic  (really  an  oxycarbonate),  ferrous 
(which  mixed  with  sugar  forms  the  saccharated  carbonate).  lithic, 
magnesic,  potassic,  and  zincic  carbonates  are  also  used  medicinally. 


Silicates* 

Definition- — Compounds  of  silicic   acid  [viz.,  H^SiO^  or   SiHo^ 
If^tttmtamc  acid);  and  also  of  HgSiOj  or   SiOHo^  (dil/a^ic  add)^  thia « 
I  latter  acid  being  said  to  be  produced  by  the  evaporation  **in  vacuo  " 
of  a  solution  of  the  tetrabasic  acid], 

Katnral  History* — They  are  found  in  nature  abundantly,  as  clay, 
I  felspar,  mica,  etc. 

Varieties. — The   salts  having   the   formula   M'^SiO,,   have   been 
[named  onho-sUicate^j  and  the  salts  with  the  formula  M'^SiO.|  victa- 
Igilicate^.     There  exists  also  an  intermediate  class,  formed  by  the  com- 
bination oi  a  molecule  of  each.     The  double  silicates  are  numberless. 

Preparation  of  Alkaline  Silicates.— By  fusing  siHcic  anhydride 
or  the  insoluble  silicates,  with  the  alkaline  hydrates  or  carbonates. 
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Properties- — Action  of  heat.  The  Bilioates  are  mostlj  fusible,  tbeir 
fusibility  being  increased  by  admixture, 

Action  of  u?a/dr,— Thej  are  all  in«oluble  in  water,  excepting  iii€ 
alkaline  silicates  wbicb  contain  an  exce&s  of  base. 

Action  of  acids. — The  anhydrous,  normal  and  acid  silicateB  of  the 
earths^  are  not  decomposed  by  any  acid  except  hydrofluoric.  Th» 
hydrated  silicates  are  decomposed  by  all  aiids.  If  CO^  be  pas*^ 
through  a  solution  of  sodic  silicate,  silicic  acid  is  precipitated  as  ft 
gelatinous  depoeil. 

The  silicates  are  alkaline  to  turmeric. 

The  Borates  (salts  of  boracic  or  boric  acid  BHoj  or  HBO|,H40), 
are  formed  by  the  action  of  the  acid  on  metallic  hydrates,  oxides  of 
carbonates.  They  resemble  the  silicates  in  the  variety  of  the  propor* 
tions  in  which  they  enter  into  combination  with  the  alkaline  basei. 
AU  the  borates  are  more  or  less  soluble  in  water,  the  alkaline 
borates  being  very  soluble  and  the  others  less  so.  They  are  all 
soluble  in  dilute  nitrio  acid.  The  borates  impart  a  green  light  to 
flame. 

Double  Salts- 
Definition* — Salts  in  which  the  displaceable  hydrogens  of  the  acid 
have  been  exchanged  by  different  metals»  or  compound  radicals. 

Varieties. — (10  Salts  formed  by  a  combination  of  two  metaU  with  ih 
BUfne  acid  radical, 

(a.)  The  bicarbonates  (HNaCOj)^  binoxalates,  etc.,  are  thua  doabU 
salts,  the  hydrogen  playing  the  part  of  a  metaL 

(/3.)  One  hydrogen  of  a  dibasic  acid  may  be  displaced  by  one 
metal,  and  the  second  hydrogen  by  a  different  metal»  as  in  Rochello 
salt,  where  sodium  and  potassium  are  combined  with  tartaric  acid 
(KNaO^H40(3),  or  as  in  the  sodic  potassic  disulphate  (NaK32S04), 
where  2fc504  is  combined  with  K^  and  Na. 

Thus  we  have  double  sulphates,  double  carbonates,  double  siH- 
cates,  etc. 

(II.)  Combinatiom  of  oxides  of  different  clashes  with  their  several  e^nifst- 
lent 8  of  the  acid  radicah 

Thus  in  common  alum  we  have  a  sulphate  of  potash  combined  with 
a  sulphate  of  alumina  orK^OjSOj  with  AljOj^SSOj,  forming  the  com- 
pound K„Al^j4S04  +  24aq. 

(III.)  Combinatiom  of  Baits  with  saline  or  constitutional  water. 

Thus  one  molecule  of  water  in  magnesic  sulphate  (MgSO^^H^Or 
6HoO)  cannot  be  expelled  by  a  heat  of  212^  F.,  as  the  other  six  mole* 
cules  of  water  may  be.  This  seventh  H^O,  represents  a  salt  (and  i* 
hence  called  saline  water )j  and  may  be  replaced  in  the  aalt  by* 
molecule  of  certain  anhydrous  salts  not  isoraorphous  with  it>  such  i*  ^ 
potassic  auJphate,  forming  (MgS04KgS046H20),  ^ 
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IT,  TV  Cfmbinatiom  of  two  acid  rctdicah  to  one  basic  radical.  These 
ro  compiirativelj  unimportant,  and  can  scarcely  be  regarded  as  true 
>ulile  salts* 

Y.  7^  aitnbtnaiions  of  haloid  mlts  with  haloid  satis,  as  e.  g*^  tho  potaasic 
platinic  chloride  (2KClPtCl4), 

Freparation. — Double  salts   are  prepared  (1)  either  by  mixing 
Dgether  solutions  of  two  salts  in  equivalent  proxjortians,  or  (2)  by  the 
ion  of  the  two  salts. 

The  folhwtng  are  «otne  of  the  doMt  mlti : — 

I-  Double  Haloid  Salts. —  Whers   an  alkaline  haloid  salt  is   com- 
\with  a  haloid  salt  of  a  mf.tal^   having  a  feebler  affinity  for  oxygen  than 
kalim  salt,  as  (KClPtCU)  (NaCl.AuCl^SH^O). 

2.  Doable  Sulphtir  Salts- — (a,)  Jhuhle  snlphideSf  as  e,  ^.»  alkaline 
Iphides  with  higher  sulphides  (^Na^S^Ap^S^tloIIgO);  (aNa^S^SbaS^, 

|8H,0).     (fi.)  Hydrosulphides,  as  e.g.,  (KHS) ;  (MgH^S^).    (In  these 
JU  H  acta  as  a  metal). 

3.  Double  OzysaltSt— (<» )  Double  sulphates t  such  as  the  acid 
wtphates  or  bisulphatts  (NaHSO^)  ;  the  alums;  and  such  other  double 
ilphates  as  N3Ca2804  (glauberite),  MgScj^^KjSO^GlIsO  ;  and  also  soda 

[with  magnesia,  potash  Tvith  manganese  or  with  zinc,  etc. 

(/I.)  Double  curbonates,   such   as  MgCa2G0j   {dolomite),  BaCa2C03 
tbijarytO'Calcitey  etc. 

(y.j  Double  silicates,  such  as  alumina  with  potash  ( felspar)^  with 
ia  (albite)^    with  lime  (aiwrthite),  with    glucinum    (emerald),   etc. 
fj^orcelain  is  a  double  silicate  of  lime  and  alumina,  glass  of  potash  or 
aodft  with  lime,  magnesia,  alumina,  lead,  etc, 

(2.)  Double   tartrates f   such  asBoohelle  salt.     Similarly  there  are 
dmM*  dircUes^  etc. 
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CHAPTER  Xn. 

THE  ALKALINE  METALS. 

^H 

Symbol. 

Atomic 
Weight, 

Atomic 

Volume. 

Specific 
Heat. 

Fuainf 

I  Point, 

Specific 
Gravity. 

^H         Potassium  .... 

^H          Sodium 

^H          Litbium 

^H          Cccsiiim 

^H          Rubidium  .... 

^H         Ammonium.,  j 

K 
Na 

L 
Ca 
Uh 

(or  Am) 

39-1 

23-0 

7-0 

1330 

85-4 

j   18-0 

45-20 
23  66 

11.80 

66-18 

0*16956 

0-29»40 

0-94080 

(?) 

(P) 

62-6 
97-6 
1800 

3^ 

144-5 
2077 
3660 

(?) 
1013 

m 

0*865 
0972 
0-693 

3741 

^^^H                                             Genehal  Hemabks. 

^^^P         Cbaraclers. — ^^  alkaline  metole  decompose  wafer  at  oriiTiAf^ 
^^^      temperatures,    forming   soluble    oxides   and  carbonates,    h/iviDg  as 
^H           alkaline  reaction, 

^m               History,— Tlie  existence  of  a  metal  in  the  alkalies  was  prophesied 
^M           by  Lavoisier  (1793),     Sir  H.  Davy  obtained  potassium  and  »odiam 
^B           in   1807,  by  decomposing   the  alkalies  with  the    galvanic   battery. 
^m            Lithia  was  first  prepared  by  Arfvedson  in  1817,  the  existence  of  tli6 
^K            xnetal  lithum  being  afterwards  demonstrated  hy  Davy.    It  was  firtt 
H           prepared  in  quantity  by  Matthiessen  (1865).     (Phar.  Joum.,  XV,»  p. 
^H           231.)     Rubidium  and  cajsium  were  discovered  by  Bunsen  and  Kirch-    1 
^H           hoff  in  1860^  by  their  pecnliar  spectra. 

H               General  Properties.— (aO  Physiml   The  alkaline  metals  are  soft, 
^H           easily  fusible,  and  volatile. 

^m               (/3.)  ChemicaL     They  tarnish  rapidly  in  the  air.     They  decompose 
^m           water  and  liberate  hydrogen  at  ordinary  temperatures.     They  irt 
^H           univalcat     They  furnish  several  oxides,  but  only  one  basic  oxi<i« 
^1           (M'gO),  this  oxide  being  deliquescent,  very  caustic,  and  very  alkah^n© 
^M           to  test  paper.     The  hydrates  (MHO)  cannot  be  decomposed  bjlidat. 
^m           They  rapidly  abscjrb  COg^  forming  both  normal  and  acid  c&rbonateiL 
^M           The  alkaline  metals  form  but  one  chloride.    Nearly  all  their  salts  aw 
^^^H     soluble  and  alkaline.                                                                                   ^J 
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POTASSIUM  (K,). 

Aicmic  weighty  39*1.     Atomicitj/  Monad  {' )  (KCl,  KI).     Specific  gravity, 
Q-a65.    Fuifcs  at  144*5°  F.  (02*5°  G.)*     Boils  nt  a  low  red  heat. 

History- — Discovered  by  Davy  (1807). 

Natural  Hifitory^ — Found  («,)  in  the  animal  kingdom ;  (fl,)  in 
tJie  vegetable  kingdom,  as  a  sidphate,  chloride,  and  also  combined 
witli  vegetable  acids;  (y.)  in  the  mineral  kingdom^  in  aea  and  spring 
water,  and  in  such  bodies  as  alum^  felspar,  mica,  etc, 

Preparatioil. —  (lO  By  decomposing  potafi&ic  carbonate  with  char- 
coal (Curandau  and  Brunner),  as  follows : — 

(a.)  The  crude  tartar  from  wine  casks  (i,r.  hydric  potassic  tartrate, 
KHC^H^Og)  is  first  incinerated,  whereby  a  residue  of  potassic  car- 
bonate and  carbon  is  formed — 

2Kncjl40a    ^    K^CO,    -h    oH^O    +       400       +        3C. 

Hydric  potiissic     ^    Potasaic      +      Water     -j-     CArbonic      -J-      Carbon, 
tartrate  carbonate  oxido 

(/3.)  This  residue  is  now  intensely  heated,  when  tlie  metal  distils 

over  and  is  received  into  naphtha — ► 

K^CO^  +         a         =         3C0         +         Kg. 

Potas&ie  carbonate     H-       Carbon        =  Carbomo  oxide  +     Potassium. 

(Chalk  is  commonly  added  to  the  mixture  to  prevent  fusion,) 

(2.)  By  the  electrolysis  of  potassic  hydrate  (Davy,  1807),  (2KH0= 
K^+Hg+Oo). 

(3.)  By  the  action  of  white  hot  iron  on  potassic  hydrate  (Gay 
Xiuasac,  1808),  (4KnOH-3Fe=Fe,0,t+2Ka  +  2n.,). 

Properties.— (o)  PhyBiail,  Potassium  is  a  soft  silvery-white  metal. 
It  has  a  less  specific  gravity  than  water,  and  therefore  floats  upon  it. 
It  is  brittle  at  32''  F,  (0^  C),  but  becomes  malleable  at  a  little  above 
tliis  temperature.  At  a  red  heat  it  forma  a  green  gas.  Its  spectrum 
consists  of  two  red  lines  at  A  and  B,  and  a  violet  line  at  the  blue  end. 

(/3. )  ChemicaL  It  oxidizes  instantly  in  air,  and  burns  with  a  violet 
flame  when  heated.  It  removes  oxygen  fi'om  COa  when  heated  in  its 
praaeoce,  liberating  carbon  (2Kjj  -f  3C0g= 2KC0a  +  C) .  It  decomposes 
vvater  at  ordinary  temperatures,  Hberating  hydrogen  (K^-h2HgO^ 
2KH0-|-Hg).     It  burns   in   chlorine.     It  decomposes  H^S,    forming 
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^1 

■ 

Compounds  of  Potassium. 

^H| 

r^ 

Sdto. 

Formula 

Fonaula 

Specific 

5 

1 

(General). 

(Conftitutional). 

(imtity. 

1. 

/Potaadc    oxide    (potash, 

^           potaflw)      

4        Potaasic  dioxide    ..     .. 

K,0 

rok 

942 

■ ' 

K,0. 

1102 

1: 

a 

\        t,     peroxide..     .. 

E,0, 

I  OK 

U2'2 

„     hjdratd  (caustic 

^^ 

potasb)       

KHO 

QKH 

56- 1 

2*1 

Potaasio  cUoride  . .      ,. 

KCl 

KCl 

74^6 

1*994 

ff     iodidti      ..     .. 

Kl 

EI 

166  1 

3*066 

ff      broiDido  ,  r      « . 

KBr 

KBr 

1191 

2*670 

1           3 

„      fluorido    ,,      ., 

KF 

KF 

68*1 

2*464 

■  <* 

„      liydric    fluoride 

KHF- 

KF,HP 

78*1 

Hio 

„      fiuoailicato 

2KF,SiF, 

2KF,SiF, 

220*7 

■  u 

,     f        „      cyanide  ..     .. 

KCy 

KCN 

G6*l 

■  X2 

«     1         H      feirocyanide 

■ 

g     {      (yelloir  prussiate)     . . 
g,    1  Potaaaio  ferricyaDide  (rod 

K,Cy,Fe 

K.FeCCN). 

363-4 

■  la 

O     \     prusaiate)    ....      * . 

K,Gy«Fe 

K,Fe(CN), 

329'S 

f          14 

^Dipotaasic  sulphide  (pro- 

tOBulphide) . .      . .      , . 

K,S 

SK, 

110*2 

J 

Dipotosaic  disulphide    , , 

KA 

K.8. 

142*2 

16 

„        trisulphido 

^ 

•p.  ^ 

(sesqiiiBBlphide) 

K,8, 

KA 

174*2 

■  l7 

3 

Bipotaaaio    tetraetdphide 

E,8, 

K,S, 

206^2 

H  18 

„          peotasu  phide 

■ 

■ 

.      (persulphide)      ..      .. 

KA 

KA 

238*2 

■ 

■  ID 

Potassic    Bulph  -  hydrate 
(hydric  sulpHdc) 
^   i  Di potassic  sulphate  (nor- 

J.  ®    )     mal  salt) 

c?  ^    i  Hydric  potaasic  sidphate 
^  {     (ttddiult) 

■ 

n 

KHS 

KHe 

721 

11 

1           20 

^    -  -           a^BB 

^ 

K,SO, 

SO^a, 

174-2 

2*66       U 

■  ^^ 

^^1 

■ 

HKSO, 

SO,HoKa 

lae-i 

2*i75  ^m 

■   23 

«          DipotttMic  cttrbonate(Dor' 

..  H 

■ 

o  ^          mal  aalt) 

K,CO, 

OOKo^ 

138-2 

2-W  H 

23 

5;  ^      Hydric  potaaaic  carbonate 

^^1 

y              (acid  salt) 

HKCO, 

COHoKo 

100*1 

2*052  ^M 

m.  ^* 

Potoaaic  nitrate  (nitre  or 

^ 

■ 

saltpetre)    ..      _     ., 

KNO, 

NOjKO 

lOM 

2-070^ 

■  25 

Potaaaic  nitrite      , .      . , 

KNO, 

NDKo 

Be*l 

^^ 

§.. 

«     /         „     chlorate  .  <     . . 
2     \ 

KCIO, 

jOCl 
loKo 

joa 

122*6 

2-32^^1 

27 

S     1         ,,     p«irchlorate     . . 

o     \ 

KCIO. 

138-6 

1 

28 

f         »,      tartnute  ..     .. 

K,C,H,0, 

226*2 

H.  ^^ 

Hydrio  potassic  taitrate 

^^1 

■  ao 

i 

(cream  of  tartar) 
Sodio   potoMio     tartrate 
(Eochelleaalt),..     .. 

KHC.H.O. 

188- 1 

I 

■ 

1 

KNaC,H,0, 

/  COfSbOJ 
CHHo 

2101 

■ 

P" 

H 

PotasBio  antimonioiia  tar- 

\^^ 

f          J 

.     txnte  (tartar  emu  tie)  . . 

K(ShOJC,HA 

;  CUHo 
\  COKo 

JiM  1 

f^M 

1      32/           Potiuuie  «aic8te    (water 

■ 

^  /         *ii«; .. 

SiK.O, 

\ 

^^ 

^^^H^^^^B 

m     m 

^ 

■ 

FOTAsaitnr.j 
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OoMPOUKDs  OF  Potassium  aitd  Oxygen  and  Hydr uxyl. 


Potassic  oxide 
Potaasic  dioxide 
Potasdic  peroxide 
Potassic  hydrate 


KHO. 


(1.)  Fotassic  Oxida ;  Potassa;  Anht/drms  potash  (K^jO). 
Preparation, — (L)  By  heating  together  potassium  and  potasaic  hy- 
&te  (2KHO-|-K2=2KjO  +  n,). 

(2.)  By  fusing  a  mixture  of  potassium  and  potassic  peroxide  in  au 
atmosphere  of  nitrogen  (K^O^+3Kg=4K50). 

I  Properties* — A  white,  deliquescent  solid,  possessing  powerful  basic 
piroperties*  It  combines  with  water  with  the  evolution  of  great 
Jieat  and  the  formation  of  potassic  hydrate  (K.,0  +  H^0=2l£H0).  It 
fuses  at  a  red  heat,  and  volatilizes  at  high  temperatures. 
(2.)  Potassic  Dioxide  (KPg),  and  (3.)  Potassic  Peroxide  (^aO^) 
do  not  form  corresponding  salts  with  acids. 
(4.)  Potassic  Hydrate;  Potash;  Camtic  potash  (KHO,  or  OKH, 
or  KHo). 

Preparation, — (1,)  By  the  action  of  calcic  hydrate  (CaH^^O-j)  on  a 

I  dilute  solution  of  potassic  carbonate  (pearlash)  (Kjj003  +  CaH.Oj= 

2KH0H-CaC05).     The  solution  of  potassic  hydrate  (KHO)  must  be 

I  decanted  from  the  insoluble  calcic  carbonate  (CaCO^),  and  eyaporated 

1  dawn  in  a  silver  basin. 

(2.)  By  burning  potassium  in  pure  dry  oxygen,  and  treating  the 
oxides  formed  with  water. 

(3.)  By  igniting  a  mixture  of  nitre  (1  part)  and  copper  foil  (3  parts) 
I  in  a  copper  vessel,  and  dissolving  the  residue  in  water. 

Properties, — Potassic  hydrate  is  a  very  deliquescent  solid,  soluble  in 
!  water  with  the  evolution  of  heat,  and,  unlike  most  potassium  com- 
i  pounds,  soluble  in  alcohol.  It  has  a  strong  caustic  taste,  and  a 
[  nauseous  smell.  At  a  high  temperature  it  is  whoUy  volatile.  The 
t  water  of  the  hydrate  cannot  be  expelled  by  heai  It  mujt  be  regarded, 
I  therefore,  as  a  potassic  ht/droiide  (KHo)  rather  than  as  a  hffdrait  of 
\  potash  (KjO,H..O). 

Caustic  potash  has  an  intensely  alkaline  reaction*     It  acts  rapidly 

^  on  all  organic  matters.     It  rapidly  absorbs  carbonic  acid,  hence  one  of 

its  chief  laboratory  uses.     It  unites  with  silica  when  heatedi  forming 

'  potassic  silicate.     It  decomposes  the  fixed  oilsj  converting  them  into 

I  eoaps ;  hence  its  use  as  a  /y^  in  soap  making. 

Tests  for  puriUj, — ^Pure   potassic  hydrate  (1)  is  perfectly  soluble  in 
I  water  and  in  alcohol ;    (2)    gives   no   precipitate  with   baryta  water 
(proving  the  absence  of  carbonates  and  sulphates) ;  (3)  gives  no  pre- 
cipitate with  ammontc  oxalate  (proving  the  absence  of  Hmo) ;  (4)  gives 
no   precipitate  with  argentic  nitrate  in  a  solution  neutralized  with 
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HNO5  (proviug  the   absence  of  chlorine) ;   (6)  gives  no  precipitat 
with  umrntmic  sulphuh  (proving  the  absence  of  iron,  etc.)* 

Purification, — The  potash  18  dissolved  in  alcohol,  and  the  clea 
solution  evaporated  to  dryness*  In  this  way  the  removal  of  potassi^ 
peroxide,  carbonate,  sulphate,  and  chloride,  and  also  the  eilicatea  of 
lime,  alumina,  iron,  and  lead,  all  of  which  are  insoluble  in  aloobol, 
may  be  effected.  The  solution  in  water  must  be  preserved  in  glass 
free  from  lead,  otherwise  the  lead  oxide  will  be  dissolved.  U 

The  li<|uor  potassee  of  the  B.P.  contains  6  percent,  of  KHO  (Sp.  Gr" 
1"058).     The  specific  gravities  of  solntiona  of  various  strength  are 
given  in  Table  V,  of  the  Appendix. 

(5.)  Fotassic  Chloride  (KCl).  iS'ot^rr^.^.— This  salt  is  obtained 
from  sea- water  residue  (Balard);  also  from  the  ashes  of  sea- weed 
(called  '*kelp'');  also  from  the  refuse  of  beet-sugar  manufacture; 
also  aa  a  product  of  the  potassic  chlorate  manufacture.  It  is  also 
found  as  a  natural  product  in  the  salt  mines  of  Stassfurth,  near 
Magdeburg  {Carnallite  ;  KCl,  MgCl«,  6H^0). 

Properties, — ^The  salt  crystallizes  in  cubes*  It  is  soluble  in  water 
(1  in  3),  It  fuses  at  a  red  heat,  and  is  volatile  above  this  tempera- 
ture. It  absorbs  the  vapor  of  SO;j,  forming  KCI8O3,  which  salt  is 
decomposed  by  water.  It  is  largely  used  in  the  nitre  manufactura™ 
{see  page  274).  Its  laboratory  use  depends  on  the  insolubility  of' 
the  double  suit  formed  by  it  with  pi  a  tin  ie  chloride  in  alcohol 
(KCl,PtCl4).  ^ 

(6.)  Potassic  Iodide  (KI),  W 

Preparation. — ^(l.)  (a,)  Iodine  is  added  to  a  solution  of  caustic 
potash  (KHO),  a  potassic  iodide  (KI)  and  a  potassic  iodate  (KIO^ 
being  formed  j  thus-^ 


(KIO^ 

Water.     " 


6KH0         -t-     3Ig     =  5KI         +         KIO3         4- 

Fotaaaic  li^rdrato    +    Iodine   ^  Potassic  icxlile   -f-    Fotaseic  iodate    -|-    Water. 

(/3.)  This  mixture  is  then  heated,  whereby  the  KIO5  is  reduced  to 
XI,  with  the  evolution  of  oxygen. 

(2.)  By  dissolving  potassic  carbonate  (KgCO-j)  in  hydriodic  acid 


K.CO, 


Potassic 
carbonate 


+ 


2IfI  ^ 

Bydriodio      ss 
acid 


Water. 


2KI  +  Ct.\ 

Potassic       +       Carbonic 

iodide  anhydride 

(3.)  (a,)  By  digesting  iron  and  iodine  in  water,  a  ferrous  iodide 
(Fel^)  and  a  ferric  iodide  (FegTc)  are  formed ; 

{ft.)  To  the  boiling  solution  of  these  salts,  potassic  carbonate  is 
added,  carefully  avoiding  an  excess. 


I 


4C0„ 


F0I2     +  Fe^Tg    +  4KsC0,|  =      8KI      +     Fe^^     + 

Ferrous     +     Fernc     +     PorasAic     -=■     Potassic     +     Magnetic     +    Ciirbonio 
iodide  iodido  carbonate  iodidu  oxide  of  iron       anhydride* 

The  Fe^O^  is  now  filtered  ofT,  and  the  solution  of  KI  evaporated 

dowDt 

(4.)  By  adding  potassic  sulphate  to  baric  or  calcic  iodide. 
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^^^^^ttrtiejii. — Potasstc   iodide   is   a  white   crystalline   (cubic)   solid, 
^^Blwhat  deliquescent,  very  soluble  in  water  and  in  alcohol  (1  part 
in  6).     Its  solution  diseolves  iodine.     It  ia  decomposed  by  nitric  acid^ 
chlorine,  etc. 

Ttsi  of  purity, — ^There  should  be  no  change  on  adding  hydrochlonc 
acid  to   its   solution.     If  the   solution   turns  brmmi,   potaasic   iodate 
^(K^Oj)  is  present  ;   if  it  ejervesces,   the  presence  of  a  carbonate  is 
idicated. 

(7,)  Potassic  Bromide  (KBr).  Its  preparation  is  similar  and  its 
properties  closely  correspond  to  the  iodide. 

(8.)  Potassic  Fluoride   (KF)  is  prepared   by  neutralizing  HF 
iiwith  KHO. 

(10.)  Potassic  Fluosilicate  (2KF,S!F4).  This  is  the  most  in- 
soluble of  the  potash  salt^s.  It  is  formed  as  a  gelatinous  precipitate, 
vhen  hydro'fluosiiieic  acid  (2HF,iSiF4)  is  added  to  a  solution  of  a 
potassium  salt.  When  dry  it  has  the  appearance  of  an  eart by-looking 
powder. 

,        (11 J  Potassic  Cyanide  (KCy).  I 

^H     Preparation, —By   fusing    a    mixture   of   potassic    carbonate    and 
^Vpotassic  ferrocyanide^ 

■    2K^FeOy<j    +    2K,C0^    =    lOKCy    -h    3KCyO   +  Fe,    +    2C0^. 
~         PotM«te       H-      Potaaaic      ^^     Potassic      -|-     Fotosaic     +    Iron    +  Carbonic 
ferrocfAnidd  curbonate  cyanide  cyanato  anhydride. 

Properties, — A  white*  deliquescent^  peculiar-smelling,  alkaline  salt, 
^—freely  soluble  both  in  water  and  in  alcohol.  It  easily  decomposes^ 
^Bliberatiag  hydrocyanic  acid  <HCy).  It  melts  at  a  low  temperature, 
^^  when  it  acta  as  a  powerful   reducing  agent,  owing  to  the  ease  with 

r^hich  it  forms  a  cyanate  (KCyO),     Hence  it  is  used  as  a  flux. 
(Thus:  PbO  +  KCy=KCyO+Fb).  | 

Its  solution   dissolves  the  insoluble  silver  salts ;  honce  its  use  in 
hotography  and  in  electro -plating. 
(12.)  Potassic  Ferrocyanide,  Ffi^/oM^/Trti^iate  (K^FeCyg+Saq). 
Preparation. — By  heating  a  mixture  of  potassic  carbonate  (KjCO,), 
iron,  and  nitrogenized  orgMiic  matter.     The  fused  mass  is  lixiviated 
(dissolved  in  water),  and  the  clear  solution  crystallized. 
^_      Properties,— The  salt  has  a  yellow  color ^  is  permanent  in  air,  and 
^Hia  decomposed  by  heat.    It  is  insoluble  in  alcohol,  but  ia  soluble  in 
"water  (1  in  4  at  60°  R,  and  1  in  2  at  212^  R). 

It  is  used  aa  a  test  re-agent,  as  a  case  hardener,  and  in  the  manu- 
facture of  Prussian  blue. 

1^     (13.)  Potassic  Perricyanide,  Bedprusmte (K^Fe^Cye). 

^H     Prepitrution. — By  passing  chlorine  (avoiding  excess)  through  a  cold 
^Hdilato  solution  of  potassic  ferrocyanide  until  it  turns  red. 
^H     Properties. — It  is  decomposed  by  an  excess  of  chlorine,  and   by 
^B  oxidizing  agents,  such  as  H^S. 
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CoSfPOTJTTDS   OP   FOTASSIUM   ATTD    SULPHITE. 


Dipotassic  atilpliide 
Dipotassic  disxilpliide 
Dipotasaic  trisulphidG 
Pipotassic  pentaaulpbide  < 
Fotaesic  sulphydrate 

^(U.)  Dipotasaic  Sulphide  (^Sh 

Preparafiom — Bj  the  action  of  KHO  on  KH8, 

KHO  +  KHS  =  SK:^  + 

Potnaido  hydrate    +     Potassic  sulphydrate  =  Dipotasaic  sulphide    + 

(15.)    Kpotassic  Bisulphide  {K.^.},    an  orange-colored 
Bolid. 

(16.)  Dipotassic  Trisulphide  (K^S,). 

FreparativtK — By  parsing  CSg  vapor  over  ignited  potaesic  carbonate. 


gK^COj      +       3CS2      ^     2KcS,,        H-       4C0       +       C0«. 
Potassic        -f-      CBTljoTiic     =:    Dipotassic      +      Carbonic     +      Carbonic 
carbonate  disuIphidB  trisolplLide  oxide  anhydride* 

The  **  hcpar  sulphuriSf"  or  **  Iwer  of  mlpliur,^^  is  a  compound  of 
3K2S,  and  K5SO4,  and  is  prepared  by  fusing  together  ealphur  and 
potaaeic  carhonate. 

+      5So      ^KgSO^+aKA  4-  4C08 


4K^C0,, 


I 


Potftisic  carbon  ato     4*     Sulpbtir    ^    Liver  of  iiilphur    -f     Carbonic  anhydride* 

(IB.)  Dipotassic  Pentasulphide,  Foiasmc  Permilphide  (KgS^). 

Preparation. — ^Either  by  the  fusion  of  a  solid  sulphide,  or  by  boUiiig^ 
a  solution  of  a  sulphidG  mth  an  excess  of  sulphur, 

Propertie/t.-^A  deliquescent  solid,  forming  when  dissolved  a  deep 
yellow  solution. 

All  the  sulphides  have  an  alkaline  reaction,  and  a  sulphuretted 
hydrogen  odor.  They  all  liberate  sulphuretted  hydrogen  when  treated 
with  acids.     On  adding  an  acid,  note,  however,  this  distinction ;  that 

(a.)  With  K^S  and  KHS,  mlphwreUed  hydrogm  is  evolved,  and  noH 
sulphur  is  precipitated;  but  that  ™ 

(/I)  With  the  other  sulphides,  not  only  is  sulphuretUd  hjdrogm 
evolved,  hni  pidy-dimded  white  sulphur  is  precipitated. 

Til 6  higher  sulphides,  on  exposure  to  air,  become  white  from  the 
formation  of  potaseic  thiosulphate  (K^SgO^),  the  excess  of  sulphur 
being  liberated. 

(19 J  Potassic  Sulph 'hydrate,  or  Potassic  Ht/dric  Sulphide  (KHS). 

Prepiiratitm. — By  saturating  potassic  hydrate  (EHo)  with  sulphu- 
retted hydrogen.  _ 
KHO         +               H.S               =            KHS             +   H5O.    f 
Potassic  hydrate  -f    Sulphuretted  hydrogen  ?=  Potassic  ftulph-hydrato  +  Water. 

The  solution  turns  yellow  on  exposure  to  air,  and  freely  absorbs 
oxygen  (4KH8  +  03=2ILjS.+ 2HjO), 


d 


roTAssrtnc. 
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^^  Thk  Oxysalts  of  PoTAfisnni. 

'  (20.)  Dipotassic  Sulphate  (normal  salt ;  KgSO^),  Properties, — The 
crystals  are  aix-sided  prisms,  soluble  in  water  (1  in  12).  The  solution 
10  neutral.     The  crystals  decrepitate  when  heated. 

f    (2L)  Hydric  Potassic  Sulphate;  Pvtassic  Bisuiphate  (atiid  salt; 

nK804).  This  salt  is  a  residuary  product  of  the  nitric  acid  manufac- 
tore.     The  crystals  are  rhomboidal  tables. 

(22.)  Dipotassic  Carbonate  (normal  salt,  K^COs).  Preparation,— 
(l.)  Wood-ashes,  which  contain  potassic  carbonate,  sulphate  and 
chloride,  are  first  of  all  Ibd viated  (i,e.,  mixed  with  water)*  The  clear 
solution  is  then  evaporated  until  it  begins  to  crystallize.  The  clear 
liquor,  containing  the  more  soluble  potassic  carbonate,  is  then  poured 
otf  and  boiled  down  in  an  iron-pot  (hence  the  term  pot-ash),  and  the  resi- 
due calcined.  This  residue  isknowii  as  **  American  ash  "  or  ** pearl- ash.*' 

(Note. — The  potassium  is  not  present  in  the  plant  as  potassic 
carbonate,  but  in  combination  with  various  organic  acids.  These 
salts  are  decomposed  by  heat,  the  hydrogen  and  excess  of  cai^bon 
passing  off  as  HgO  and  C0<2<  Furtheri  the  younger  the  plant,  the 
largeir  the  yield  of  pot-ash.) 

(2.)  By  deflagrating  a  mixture  of  oxeam  of  tartar  and  nitre, 

Propertm. — Potassic  carbonate  is  a  white  deliquescent  salt,  crye- 
g  in  oblique  rhombic  octahedra.     It  is  soluble  in  water  ( 1  in 

aq.)f  the  solution  having  an  alkaline  reaction.  It  melts  at  a  red 
heat,  and  is  slightly  volatile  at  a  higher  temperature.  When  sand 
(SiO*>  is  added  to  the  melted  salt,  CO^  escapes,  and  a  potassic  silicate 
is  formed. 

(89w)  Hydric  Potassic  Carbonate ;  Bicarbonate  of  Potash  (HKCO,). 

Prtparatiim, — By  passing  CU^  through  a  solution  of  potassic  car- 
bonate (KsCO^). 

Properties. — A  neutral  body  crystallizing  in  right  rhombic  prisms, 
which  are  permanent  in  air.     It  is  less  soluble  in  water  than  K^OO, 
]  in  4).     It  fuses  when  heated,  forming  the  normal  salt.     If  a  solu- 
of  the  salt  be  boiled  or  exposed  to  the  air,  it  loses  one-fourth 
CO^,  and  forms  what  is  called  the  sesquicarbonate. 

(24.)    Potassic  Nitrate,  ^i^re  or  Salfpetre  (KNOj)^  is  obtained 

tu rally,  as  an  eftloreac-encej  on  the  soil  in  India,  and  is  prepared 
artificially  in  the  nitre-plantations  of  Sweden  {see  page  274). 
I  Pr^pertiee, — A  white  crystalline  solid.  It  is  dimorphous^  crystal- 
BBiiig  both  in  rhombohedra  and  in  six-sided  prisms.  It  is  insoluble 
b  alcohol,  but  soluble  in  water  (1  in  3*5).  When  heated  to  674^  F. 
195 d^  C*)  it  melts,  the  fused  mass  forming  when  cast  into  shape 
realpmnelU  balls  J '  When  potassic  nitrate  is  heated  to  redness,  oxygen 
lb  evolved^  and  a  potassic  nitrite  (KNOg)  formed ;  but  when  heated 
mmft  this  temperature,  the  nitrite  itself  is  decomposed  into  O,  N, 
ind  KfO.     When  thrown  on  hot  coal,  the  nitrate  detlugrates.     Taper 
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Baturated  witli  a  solution  of  the  aalt  and  dried,  constitutes  touoli-paper 
It  is  used  in  the  gunpowder  manufacture. 


Gunpowder. 


J 


Composition, — A  mixture   of  nitre,  charcoal  and   sulpliur   in  tlie 
following  proportions ; — 


Nitre 

tTharcoal 

Sulphur 


Engliah  and 
Auttnoo. 


76 
15 
10 


100*0 


PnlBSUZL. 


75-0 
13-6 
11'6 


100-0 


Cbinese. 


76-7 
14*4 

90 


100-0 


French. 


75*0 
12-5 
12-5 


I 


lOOO 


Nifre, — Sodic  nitrate  is  never  used  in  the  manufacture  of  gunpowder 
on  account  of  its  being  far  more  hygroscopic  than  potassic  nitrate^  and 
possessing  much  less  powerful  oxidizing  properties.     It  is  of  ini' 
portance  that  the  nitre  used  should  be  free  from  sodic  and  potassi< 
chlorides,  as  their  presence  in  gunpowder  render  it  liable  to  becomi 
damp, 

CfiarcoaL — TJ^ht  wood  charcoal,  such  m  that  from  the  alder  and 
willow,  is  the  best  adapted  for  the  manufacture  of  gunpowder,  owing 
to  its  veiy  ready  combustibihtj. 

SuJpkur.^-HhB  sulphur  commonly  used  is  diitilkdf  and  not  stihlimed 
sulphur.  On  mixing  a  quantity  of  the  sulphur  with  water  the  solution 
should  be  barely  acid  to  litmus,  proving  the  absence  of  oxidized  pro- 
ducts* It  should,  when  burnt,  leave  no  ash.  The  distilled  sulphur 
is  the  electro  negative  or  soluble  variety,  but  the  mhBned  sulphur 
contains  a  considerable  quantity  of  the  positive  or  insoluble  variety. 
Hence  the  superiority  of  the  distilled  over  the  sublimed. 

Properties, — Gunpowder  is  an  angular  grey  solid,  absorbing  from 
0'.>  to  1*0  per  cent,  of  moisture  when  exposed  to  the  air.  It  explodes 
with  difficulty  by  actual  flame.  It  should,  after  firing,  leave  no 
residue,  and  moreover,  it  should  not  set  light  to  a  piece  of  paper  on 
which  it  may  be  fired. 

Decomposition. — When  gTinpowder  is  fired,  nitrogen  is  set  free, 
the  carbon  combining  with  the  oxygen  of  the  KNOj  forming  COj 
and  CO.  Some  of  the  COj  thus  formed  immediately  combines  with 
the  potash  to  form  KgCO^.  The  sulphur  becHjmes  oxidized  to  SO^, 
and  this  also  combioing  with  potash  forms  K^SO^.  Xlence  the  solids 
formed  by  the  explosion  of  gunpowder  are  potassic  sulphate  and 
potassic  carbonate,  and  the  gases f  nitrogen,  carbonic  oxide,  and  car- 
bonic anhydride. 

4KN0,+    C,  +     S     ^K,S0^+ICC03+     N^    +  200«  +     CO. 
Poia««ir  4-rarbon+8ulphm^=  Potawic  +  Potastic  4'Nitrog€n-|-  Carbonic  -f  Carbonic 
nitrate  aulphate    cArbon&te  anhydride       oxide. 


d 
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Other  bodies^  however,  such  as  K^S,  H^S,  and  CH^  are  also  formed. 

TAfort/   of  ijunpowder  explosions, — The   nitrogen    and   the  carbonic 

I       anhydride  set  free  by  firing  the  powder,  occupy  at  0°  C.  and  30  B.P. 

280  times  the  volume  of  the  original  powder ;  but  this  volume  of  gas 

ia  again  expanded  by  heat  to  aa  much)  probablyi  as  five  times  its 

normal  bulk. 

|(15j  Potassic  Nitrite   (KNOj).     This   is  prepared  by  heating 
potasaic  nitrate  (see  above).  It  is  a  white,  crystalline^  deliquescent  salt. 
(16.)  Potassic  Chlorate  (KCIO,).     Pteparatmu^{\.)  Bypassing 
chlorine  through  a  hot  solution  of  potassic  hydrate. 
6KH0        -h      3CI^     =         5KC1  +        5KCIO5        +   :3n^0. 

Foitaaiic  hydrate  +    Chloriiia  ^  Potaaaic  chloride  +  Potasaic  chlorate  -(-  Water, 
The  chlorate  crystaUizes  out  from  the  concentrated  liquor,  whilst 
the  potassic  chloride  remaius  in  solution  owing  to  its  much  greater 
BolubiUty. 

(2.)  By  passing  chlorine  through  milk  of  lime,  whereby  a  calcic 
chlorate  (Ca2C103)  and  a  calcic  chluride  {CaCJ,,)  areformed»    Potassio 
chloride  is  then  added  to  the  solutiuii.     Thus  :  — 
H         (Ca2C105)     +         SKCl         =^        CaCl^        +       2KC10,. 
^B         Calcic  eblorate    +  Potaiaic  obloride  =s   Calcic  oblonde   H-   Fotaasic  chlorate. 
The  chlorate  is  now  crystallized  out,  the  CaClg  being  a  very  much 
more  soluble  salt  than  the  chlorate. 
I  Properties. — Potassic  chlorate  is  a  white  crystalline  solid  (six  sided 

^fcpriams).     It   is   not  very  soluble  in   water  (I  in    16).     It  melts  at 
^■006°  F*  (430"^  C),  giving  off  oxygen,  the  residue  consisting  oi  potassic 
perchlcrate  (KCIO4)  and  chloride^  which  at  a  greater  heat  is  entirely  i 
decomposed  into  potassio  chloride  and  oxygen, 

(17,)  Potassic  PercMorate  (KCIO*),    (See  above.) 
(18J  Potassic  Tartrate  (l^^C^H^Oe)  is  prepared  by  boiling  to- 
gether cream  of  tartar  and  potasi^ic  carbonate. 

(19.)  Hydric  Potassic  Tartrate ;  Potassic  Biiariratt ;  Cream  of 
Tartar. — ^This  is  one  of  the  most  insoluble  of  potash  salts.     It  is  found 
deposited  in  casks  used  for  the  storage  of  wines. 
.         (30.)  Sodic  Potassic  Tartrate,  Rocheik  salt  (KKaC^H^O^),  is  pre- 
^^pared  by  boiling  together  cream  of  tartar  and  sodic  carbonate. 

"    (31)  Potassic  AntimoBious  Tartrate,  Tartar  emetic  (K(SbOs), 

C^H^Og),  is  prepared  by  boiling  together  cream  of  tartar  and  anttmonic 
oxide  (Sb^Oj). 

Tists/or  Salts  of  Potassium* — See  Anaxttioal  Tables, 
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SODIUM  (Na,). 
Ka'— 23.     Monad  (NaCljONaH.)     Speci/c  gravity  0-972.    Fuses  at 

207*7^  F. 
History*— Discovered  by  Davy  (1807), 
Natnial  History.— It  is  found  in  animals,  in  vegetables  (ia&  m 
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■ 

^1          *<  barilla  "),  and  in  minerals.     It  occurs  naturally  as  a  < 

chloride 

,  car^ 

^M         bonate,  nitrate,  Bulpbate  aod  borate. 

^H             PreparatiOD.^^Ita  preparation  ia  similar  to  that  of  potassium 

,  viz., 

^H          (1),  by  iguitiug  a  mixture  of  aodic  carbonate 

and  carLon  ;    (*2 )  by 

^H         electrolysis ;  and  (3)  by  the  ignition  of  a  misturo  of  sodic  hydrate  and 

^m         metallic  iron. 

^m             Properties, — («•)  PhyskaL     A  soft  silvery  white  metals  burning 

^H          with  a  yellow  fiame.     It  volatilizes  more  readily 

tban  potaasium 

It^ 

^B          spectrum  consists  of  a  yellow  line  at  D, 

■ 

^H              (/3.)  ChemicaL  Sodium  oxidizes  rapidly  and  bums  when  heated 

^4 

^H         properties  are  similar  to^  but  less  energetic  than^ 

potassium. 

^M             Uses. — ^t  is  employed  for  the  extraction  of  metallic  al 

uminium  and 

^H          magnesium.     (See  Aluminium  and  Magnesium,^ 

)     It  is 

alao  used  to 

^m          extract  gold  and  silver  Irom  their  ores. 

■ 

^m                                    CompooBds  of  SodinTn, 

1 

Coutaii 

So| 

Spe<*i6c 

Ka,0, 

NUUM. 

Formula 

Formula 

llM 

Uiavity 

equ&L  tol 

(Geueml.) 

(Couatitutiooal). 

of 

per  cent 

Cryatflk, 

Anbydit] 
Salt 

Hi 

Sodic  oxide  (aoda)    . . 

Nii.0 

ON^^ 

62 

100-0< 

■  ^ 

fi    dioxido    . . 

Na,a, 

0,Na, 

78 

79-4J 

■s 

„    %drato  (caustic 

NaHO 

ONaH 

40 

213 

77-5 

^^ 

Sodic  cblorido  . . 

NaCl 

NaCl 

fi8'60 

2^24 

NiK==39' 

'        6 

„    iodido      ,.      .. 

Knl 

Nal 

150 

3-46 

Na=15 

6 

„    bromide  ..     . . 

NaBi 

KaBr 

103 

3*08 

Na=22- 

r 

„    Bulphate  (Qku> 

ber'aaalt)     ,,     ,, 

Na^O^JOHjO 

aOjNao^lOOII, 

H2 

1<469 

43-«] 

8 

Hjdric  sodic  aulpliate 

'(biadphiiie).,      .» 

Nan  SO. 

Ni^so,aoiLu 
Naksu.,m,i) 

SOgHoNao 

120 

2742 

■ 

^  9 

Sodic  aulphite, » 

SONaOjJOOH. 
SOHoN»*o401lj 

126 

1-736 

■ 

m^ 

Hydric  sodic  sulpbitd 

104 

■ 

Ri 

Sodic  hyposulphite  ♦ » 

Na,SO, 

SNtto„ 

110 

■ 

12 

„    thioaulphttto   , . 

Na,S,0,,5H,0 

SS"f)Nao.,50H» 

Ids 

1-672 

13 

,^    carboEnte 

Ka5,C03,iua,O 

CONttO,,10OH,  , 

106 

1-423 

58*41 

H 

Ilydiic  sodic  carbonate 

(bicarbonate) 

NanCOj 

COHoNao       I 

84 

2-1&2 

36-91 

^15 

Sodic    nitrnta   (cubic 

H 

nitpo) 

NuNOa 

NO^ao 

8S 

2'26 

M 

H« 

Triflodic      Dboapbate 
(suLpboflpbate;     . . 

■ 

■ 

^X^04fl2H,0 

P0Naoj,l2OH, 

164 

1-618 

■ 

V^ 

Hydriti  disodlc  pboa* 

■ 

pbttte  (rbotnbic)  * . 

Na,HP0,,12H»0 

P0noNao,120Hj 

142 

1-625 

M 

18 

Sodio  dibydtic  phos- 

3 

»' 

phate   

Kan,PO,II,0 

POHo,Nao,OH, 

120 

Jl 

Sodic    pyropboflphata 
(tetruaodic     pbofi- 

1 

pbate) 

Na,P,0,jOH,0 

P.O^XaO^.lOOH, 

266 

1-836 

20 

Sodie  metapbospbate 
,p    diborata  (borax) 

Nal^Q, 

PO,Nao 

102 

30-Sf 

21 

Ntt,0,2B,a^lOH,0 

B^O^Ntto^lOOH^ 

202 

1-73 

30-6! 

^ 

A 
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"CoicPouNDs  OF  SonriTM  wnn  Oxygen  aitd  Hydhoxyl, 

Sodic  oxide  Na^O. 

Na'Oa. 


NaOH. 


Sodic  dioxide 
Sodic  hydrate 

(1,)  Sodic  Oxide;    Soda  (Na^O).     Preparation,— By  burning  the 
metal  in  oxygen  or  in  dry  air.     (The  product  containa  more  or  lees 
Na^O^.)  Properties. — A  yellowish  white  body,  very  deliqueacent,  fotm- 
jBg  NaHO  when  dissolved  in  water. 

(2J  Sodic  Dioxide  (Na^Og).    Preparation. — By  heating  sodium  to 
I9i^  F,  (200^  C.)  in  a  current  of  dry  air.     Pi^periitjs. — It  is  a  white 
when  cold,  and  yellow  when  hot,     On  heating  ita  solution  in 
watefp  oxygen  is  expelled, 

(3.)  Sodic  Hydrate ;    Cmi^ttc  Sotfa  (NaHO).     For  ita  preparation 

ue  Potassic  hydrate^  to  which  it  is  in  all  respects  similar  (page  291). 

Preparation. — {Commercial,)  Caustic  soda  is  largely  prepared  from 

lie  red  liquor  of  the  alkali  works  (iee  page  303).     The  solution  of  the 

ck  Bsh  is  concentrated  to  I  -5  specific  gravity,  the  sodic  carbonate, 

ilphate  and  chloride  crystallizing  out  in  the  course  of  the  evapora- 

aon.     The  liquor  left  constitutes  '*  red  liqmr  '*  which  retains  the  aodiu 

l^drate,  owing  to  its  greater  solability.     Certain  other  compounds 

present  in  small  quantity,  such  as   the   sulphides  of   iron    and 

odium,  to  which  the  peculiar  red  color  of  the  liquor  is  due.     The  hot 

ijTior  is  now  treated  either  with  sodic  nitrate  and  a  current  of  air^  or 

I  with  0odio  nitrate  only,  in  order  to  oxidize  the  sulphides  present^  ferric 
bxida  being  deposited.     The  solution  is  then  evaporated  until  the 
iodic  hydrate  is  obtained  as  a  fused  mass. 
(    Krtfvlite  (GNaFjAlFj)  is  also  employed  in  the  preparation  of  sodie 
hydrate  by  decomposing  it  with  calcic  hydrate, 
^^       Prcrperf i>jf. — Sodic  hydrate^is  a  white  fusible  deliquescent  substance. 
^■By  exposure  to  air  it  first  becomes  liquid  from  absorbing  water^  and 
^nfterwards  dries  up  irom  absorbing  carbonic  anhydride. 
^P     It  acts  rapidly  on  organic  structures.     It  is  largely  used  both  in 
the  manufacture  of  hard  soap  (/.  g»,  caustic  soda  and  fat  or  oil),  and  of 

Ijnarim  eoap  (i.  «,,  caustic  soda  and  cocoa-nut  oil). 
I    For   the  specific   gravity   of  solutions    of  different  strength,   »« 
Arable  YL,  in  Appendix. 


CoiiPouirDS  OF  Sodium  aitd  the  Haloids. 


(4. )  Sodic  CUoride ;  Common  salt ;  Muriate  of  soda  (NaCl).  Sotircu. 
— (1.)  From  bedii  of  **rock  salt^^  such  as  are  found  at  North wich,  Car- 
dona,  Wielitzka,  eta   Hock  salt  often  occurs  of  a  red  tint,  irom  the  pre- 

Qce  of  iron.  The  perfectly  white  crystallized  specimens  occaaionaUy 
Dund  are  known  as  *'  ml  gem,^^ 

(2.)  iSfti  lOKU^r. — The  salt  obtained  firom  this  source  is  called  Bw^  SaCU 
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The  solution  that  Tomains  after  tha  extraction  of  the  salt  ifl  called^ 
'*  bittern:' 

(3.)  Siiit  springs ;  also  rivers ^  lakeSj  soils ^  etc. 

Priparation. — ^The  salt  is  crystallised  fwm  its  solution,  the  details 
of  the  process  varying  in  different  oountries.  In  the  case  of  salt 
mineSi  it  has  been  found  more  economical  to  pump  water  into  the 
mine,  and  to  pump  it  up  again  when  saturated  with  the  salt,  than  to 
raise  the  solid  salt  itself  from  the  mine.  ^H 

(a.)  Sometimes  the  water  is  evaporated  at  once  by  boiling,  ^B 

(/3,)  Sometimes  tlxe  brine,  if  dilute,  is  first  of  all  concentrated,  by 
allowing  it  to  flow  several  times  from  a  height  over  brushwood  freely 
exposed  to  the  air  (graduation),  and  when  the  solution  has  attained  a 
gravity  of  1*14  effecting  its  further  concentration  by  heat  (France  and 
Germany). 

(y.)  In  eotd  climates  the  salt  water  is  run  into  open  reservoirs,  and 
allowed  to  freeze.     The  solid  ice,  which  contains  very  little  salt,  is  then 
removed,   thereby  concentrating  the   remaining   solution,   whieh   iB_^ 
finally  evaporated  to  dryness  (Bussia).  ■ 

(B,)  In  Ao^  climates  the  sea- water  is  allowed  to  evaporute  sponta- 
neously in  shallow  reservoirs,  when  what  is  called  ^'baf/suU^*  is  de- 
posited. The  salt  prepared  from  sea-water  always  contains  magnesic 
chloride,  which  may  to  a  certain  extent  be  separated  from  the  sodicL 
chloride  by  exposure  to  air,  and  by  washing,  owing  to  the  greater 
deliquescence  of  the  magnesic  chloride.  The  liquor  remaining  after 
the  sodie  chloride  is  removed^  is  called  **  bittern,'*  and  is  employed  aa. 
a  source  of  magnesia  and  bromine. 

We  may  here  note  that  every  1000  parts  of  sea- water  contains 
29*0  parts  of  Chioride  of  eodium  (=4ozs.  of  salt  per  gallon, 
or  1  bushel  in  300  to  350  gallons  of  water). 
0"5     ,,     „    Chloride  of  potassium* 
3"0     *,     »,    Chloride  of  magnesium. 
2*5     „     „     Sulphate  of  magnesia. 
1-5     „     „    Sulphate  of  lime. 

Properties. — Common  salt  is  a  crystalline  (cubic)  non-deliqne scent 
solid.  The  presence  of  magnesic  chloride  renders  it  deliquescent. 
A  clear  colorless  specimen  of  salt  is  dtathertnanoitSf  that  is,  it  allows 
the  heat  rays  to  pass  as  well  as  the  Hght  rays.  Water  is  non-diather- 
manous,  glass  holdiog  an  intermediate  position  in  this  respect  between 
water  and  salt.  Common  salt  is  insoluble  in  absolute  alcohol,  but  is 
soluble  in  dilute  alcohol  and  also  in  water  (1  part  in  3),  and  about 
equally  at  all  temperatures,  a  saturated  solution  having  a  specific 
gravity  of  1-205,  The  crystals  decrepitate  when  heated.  At  a  bright 
red  heat  they  fuse,  and  at  a  stronger  heat  vaporize*  J 

Uses. — It  is  used  for  dietetic  and  culinary  purposes,  as  s,  g.^  tarn 
curing  meats,  owing   to   its  atitiaeptic   action.      It  is  also   used   in 
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Ticulture,  in  earthenware  glaring,  ©tc.»  and  also  very  largely  in  the 
carbonate  of  soda  manufacture, 

(6*)  Sodic  Iodide  (Nal).  (Yid^  Potassic  Iodide,  to  which  it  is  doaely 
aaalogouB.) 

(6.)  Sodic  Bromide  (NaBr).    (Yide  Pota$mc  Mromide.)  1 

Sodium  Oxy-Salts.  ' 

(7. )  Sodic  Sulphate ;  OlauberU  mlt  (NaeSO^^lOHgO).  This  salt  ia 
fonned  in  the  di^t  stage  of  the  sodic  carbonate  manufacture  by  the 
acrtion  of  sulphuric  acid  on  common  salt  {99€  page  302),  the  product 
being  commonly  known  as  **  saltcake.^^ 

It  occurs  naturally  in  many  waters,  as  in  tlie  Cheltenham  springs  ; 
in  certain  minerals,  as  Thenardite,  Glauberite  (NagS04,Ca804),  etc. ; 
and  also  as  a  common  effloreaeence  on  brick  walls. 
^^  Froperiicg, — A  colorless  salt,  having  a  bitter  taste  and  a  purgative 
^■bction.  It  crystallizes  in  oblique  rhomboid  prisms,  or  in  forms  denTed 
^ptherefrom.  The  crystals  are  effloreeceut,  giving  off  the  whole  of  their 
^^water  at  common  temperatures.  The  salt  melts  in  its  own  water  of 
^■erystallixation  when  heated. 

^B  Its  solubility  in  water  is  remarkable.  A  hot  saturated  solution,  ou 
^P being  cooled  without  disturbance  and  out  of  contact  with  air,  does  not 
"  crystallize;  whilst  on  the  admission  of  air  to  the  cold  solution^  its  im* 
Immediate  crystallisation  may  be  effected.  The  explanation  of  this  cir- 
^■cumstance  is  that  probably  the  salt  in  the  supersaturated  solution  exista 
^Kn  the  anhydrous  form,  whilst  when  it  separates,  it  crystallizes  out 
^B^ith  the  ten  molecules  of  water  of  crystallization.  We  must  here 
'  note  that  sodic  sulphate  has  been  prepared  in  two  forms  at  least,  their 
aolubiUtiee  differing  very  remarkably.     Thus — 

(a,)  The  solubility  of  the  salt  Na^SO^  decreases  from  64*2°  F. 
bgl7'9°  C.)  to  217-5^  F.  {103' r  C). 

mm    03.)  The  solubUity  of  the  salt  Na^8O4,10H^O  increases  up  to  QBl"" 
P.  (88'9*  C.)  (100  aq,  dissolves  117-9  parts). 

Sodic  sulphate  is  soluble  in  hydrochloric  acid,  its  solution  being 
Bcoompanied  with  a  great  depression  of  temperature. 
(8.)  Hydric  Sodic  Sulphate;  ^dd  mdk  mlphau:  Bimlphate  of 
'    (NallHOj. 
Preparation. — By  adding  seven  parts  of  sulphuric  acid  to  ten  parts 

anhydrous  normal  salt,  and  evaporating. 
Yroptrtits. — A  non-delic|ue8cent,   very  soluble,  acid  salt,  forming 
|Hie  neutral  sulphate  when  heated.  j 

(9J  Sodic  Sulphite  (Na,S03J0H,0).  1 

Pr^p*jnitH>n,—By  passing  SOg  over  crystals  of  NasCO.,, 
iVcjp^rtM'*,— The   salt    crystallizes    in    oblique   prisms,    which    are 
pflkfrfl0oent  and  fuse  at  IKi'^  F.  (45'^  C),     It  is  aoluble  in  water  (1  in 
I),  the  solution  having  an  alkaline  reaction.     It  evolves  BulghUIO^xa 
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acid  when  treated  witli  HCl  or  with  H2SO4.     It  ia  uaed  as  a  bleacli'^ 

ing  agent,  and  as  an  ''anticlilor.'^  ^M 

(10,)  Hydric  Sodic  Sulphide,  -^cid  sulphite  or  BimlphUe  of  Boda 
(NaHSO,),  has  also  been  iirepareJ, 

(11, 12.)  Sodic  Hyposulphite  and  Thiosulphate  {^ee  p.  27 1). 

(13.)  Sodic    CErboUB^te  J    Common    washing    soda;    Scotch    so 
(NaXO,,10{I,O). 

Preparation,— -Bt^f ore  the  year   1 823,  this  salt  was  prepared 
the  aahes  of  eea-weed,  known  as  "  kelp,"  *'  barilla,^ ^  or  **  rarec," 
fourth  the  weight  of  which  consists  of  sodic  carboiiato.     The  kelp  was 
mixed  with  water,  and  the  elear  Holution  concentrated  by  heat.     The 
sodic  carbonate  crystallized  out  first,  leaving:  the  iodine  compounds  in 
Bolution,  owing  to  their  much  greater  sohihility. 

Since  1823,  sodic  carbonate  has  been  prepared  from  common  salt 
by  the  process  of  Lablane,  This  process  may  be  described  as  taking 
place  in  three  stages  as  follows  : —  ^M 

(a.)  A  mixture  of  common  salt  and  oil  of  vitriol  is  first  heated  in  ^1 
reverberatory  funiace,  whereby  sodio  sulphate  is  formed.     This 
etitiitea  what  ia  called  "  salt  cake.^* 

2NaCl        +        H^SO.^        =        Na^SO^       +  2HCL 

Sodic  chloride      +    StiJpKiiric  acid    ^    Sodic  suIpLftte     -|-  Hydrochloric  acid. 

{sait  calc) 

[It  has   been  suggested  to  use  sulphurous  acid,  steam  and  air, 
the  place  of  aulphuric  acid.     ( H  argreave. )     2NaCl  +  H^O  +  80^  +  0=^ 
NaoS0^+2HCL] 

(/3.)  The  salt  cake  thus  formed  is  now  mixed  with  limestone  and 
small  coal,  and  again  heated.  The  following  changes  occur; — (1.) 
The  carbon  reduces  the  sodic  sulphate  to  sodic  sulphidot  carbonic 
anhydride  being  set  free  (Ka2SC\4-C£=Na8  +  2COj).  (2,)  The  car- 
bon acting  on  the  calcic  carbonate,  seta  free  carbonic  oxide  and  lime 
(CaCO.,  +  C==2C0  +  OaO)*  (3.)  The  lime  reacts  on  the  sodic  sulphide 
in  the  preaeiico  of  carbonic  anhydride,  producing  sodic  carbonatOpj 
which  is  soluble,  and  calcic  sulphide,  which  is  insoluble — 
(Na,S  +  CaO + COs=Na,COs + CaS), 

The  reaction  in  full  may  be  thus  stated  :  — 


on- 

J 


+ 


Sodie 
oarboDate. 


Na^SO,    +     4C     +     CaC03     =     CaS      +     4C0 

Sodic        4-  Carbon    -|-        Calcic        ^      Calcic      +  Cttrbonic 
Bulpliato  carbonato  euliibido  oxide 

The  black  mass  formed  consists  of  an  excess  of  chalk  and  coal|j 
together  with  caustic  soda  (formed  by  the  action  of  the  lime  on  the 
sodic  carbonate),  calcic  iuli>hide^  and  sodic  carbonate.     It  constitutet] 
what  is  commonly  known  as  '*  hlack  ash  "  or  **  ball  soda.^^ 

(y.)  The  black  ash  is  now  treated  with  water  to  dissolve  out  th^ 
sodic  carbonate.  The  clear  solution  is  poured  off,  and  evaporated  to^ 
dryncBs,  the  8olid  residue  of  oodic  carbonate  constituting  what  ii 
known  as  **  soda  as//." 
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ities  of  Soda  A»h, — 8odic  chloride,  sodic  sulphate,  and  Bodic 
ate, 
P%trificfiii(rn  of  the  Soila  Ash. — The  8oda  ash  is  first  mixed  with  saw- 
dust, and  heated,  whereby  any  sodic  hydrate  is  converted  into  Bodic 
carbonate  by  the  action  of  the  carbonic  anhydride,  formed  from  thai 
boming  of  the  carbonaceous  matter.  The  mass  ia  thou  treated  with 
water,  and  the  filtered  solution  evaporated  down  and  crystallized. 

Vejy  often,  however,  the  dear  solution  of  the  *' black  ash/*  is  at 
once  concentrated  by  heat  until  the  Na^CO,  ia  deposited,  the  mother 
liquor,  known  as  **  rad  liqijtor^^^  being  used  in  the  preparation  of  aodic 
hydrate  {ue  page  299), 

Waste  Products. — Hydrochloric  acid  is  set  free  in  the  formation 
of  the  salt  cake.  If  this  were  allowed  to  escape  it  would  prove  a 
nuiaaDce.  Hence  In  alkali  works,  it  ia  usually  absorbed  by  meana 
of  a  wet  coke  scrubber*  The  liquid  hydrochloric  acid  of  commerce, 
need  largely  in  the  manufacture  of  bleaching-powder,  etc.,  ia  com- 
monly prepared  in  this  manner* 

Soda  or  Alkali  Wmte, — It  will  bo  Doted  that  nearly  all  the  sulphur 

^■of  the  sulphuric  acid  used,   forms  the  insoluble  calcic  sulphide  of 

^rthe  black  ash,  which,  together  with  the   excess   of   coal  and  lime, 

after  its  thorough  exhaustion  with  water,  forms  the  **  soda,*'  *'  alkaH,'' 

or  '*  tank  waste."     A  part  of  this  is  now  used  in  the  preparation  of 

hyposulphite  of  soda  (sodic  thiosulphate),  {see  page  272),  whilst  the 

sulphur  of  the  remaining  portion  is  recovered   by  blowing   air  in 

^_^such  quantity  through  the  moist  material  that  a  calcic  persulphide 

^Band  thiosulphate  maybe  formed  (Mond's  Process).     From  this  yellow 

'  '    liquor  the  sulphur  is  thrown  down  by  adding  hydrochloric  acid : — 


r(l) 


12Ca8 
Ciildc 

2Cai?3 

Cojcic 
penulphAto 


+ 

60^ 

=     2Ca85 

+      CaS^Oj 

+ 

9CaO. 

+ 

Oxygea 

^      Calsic 
p^rsulphido 

+        Calcic 
thiosulphate 

-h    Call  ic  oxide. 

+ 

CaSoO;, 

+     6HC1      = 

=   3CaCL   +  3HsO 

+     68,. 

4- Calcic  ihio- 
lulphate 

•4-  Hydrochloric  = 
arid 

=     Calcic     + 
chloride 

Water 

+  Sulphur. 

1(2. 

^H  Another  process  adopted  for  the  recovery  of  the  sulphur,  is  by  adding 
|Vto  tho  »c>da- waste  the  liquor  from  chlorine  stills  ( containing  MnClg 
and  Fe^Clg),  whereby  calcic  chloride,  and  the  sulphides  of  iron 
and  manganese  are  formed ;  these  latter,  on  exposure  to  the  air, 
lieoome  converted  into  oxides  with  the  consetjuent  separation  of  the 
•ulphnr:  — 

[I.)    MjCI^  +  FcaClg     -i-     4CaS     =     MnS      +   Fe^Sa   -h   4CaClg. 

^ --^  ''-j-  Calcic  itil»  ss  Mangiineso  +  Iron  sid-  -f      Calcic 

Chlflrine-^ll  liquor  phtdo  fiulphido  phido  cblorido. 


:)2Hii8 


+  Oj  =  MnA  +   Sg;     SFe.S^  -f  20, 


SFegO^  +  aSj. 


I  -j-Oiy- ^  Mangjtne»e-|-  Sol-       Ironaul-  -|-  Oxy-  ^      Iron 
goa  oxide         phur;     pliide  gen  oxide 

PmperHe9, — Sodic    carbonate    forms    efflorescent    crystals,   which 


-f   Sul- 
phur, 
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melt  when  first  heated  in  their  waterof  cry stalli nation,  but  ultimatelj 
leaye  the  anhydrous  Bait,  Na^CO^.     At  a  red  heat  this  salt  melta 
without  decomposing.     It  has  an  alkaline  taste  and  reaction,  and 
very  soluble  in  water  {I  in  2  at  60^  F,,  and  1  in  I  at  212''^  F.). 

(N.B.  Sodic  carbonate  is  an.  efflorescent  salt,  whilst  potassic  car- 
bonate is  a  deliquescent  salt.)  ^ 

(14.)  Hydric  Sodic  Carboiiate;  Bicarbonate  of  soda  (NaHCOa),   ^ 

Prepdvation, — By  exposing  the  moist  crystals  of  the  normal  salt 
(NajjCOa)  to  the  action  of  carbonic  anhydride,  or  by  saturating  a  solu- 
tion of  the  salt  with  the  gas.  Considerable  heat  is  evolred  during 
the  process. 

Properties.' — Bicarbonate  of  soda  is  less  soluble  than  the  noTmal 
salt  (1  in  10  aq,  at  60^  F.).  In  preparing  the  salt  from  the  carbonate 
a  sesquicarbonate  is  first  foroied,  then  a  bicarbonate.  Himilarly  by 
heating  a  solution  of  the  bicarbonate  a  seeqoicarbouate  is  first  formed 
(1),  and  then  a  carbonate  (2). 

(L)  4NaHC03     =     SNa^COsjngCOs     +     H^CO,, 
(2.)  2NaHC05     =     Na^^COj  +     H«0       -h     CO^. 

The  carbonate  of  soda  used  in  medicine  is  a  bicarbonate,  in  other" 
words  a  hydric  sodic  carbonate  (NaHCOj),  It  is  not  so  sol u bio  as 
the  carbonate,  and  exbibits  a  very  slightly  alkaline  reaction  to  tur- 
meric, whereas  the  carbonate  is  very  alkaline, 

(15.)  Sodic  Nitrate ;  Ordnc  Nitre;  Chili  saltpetre  (S^H^O.^),  Found 
native.  It  crystallizes  in  rliombohedra,  the  crystals  being  deliques- 
cent and  very  soluble  (1  in  2  aq.).  It  fuses  at  591^  F,  (310 '5°  C.)  and 
is  decomposed  at  higher  temperatures.  It  is  used  in  the  manufacture 
of  nitric  and  sulphuric  acids,  and  also  in  the  preparation  of  potassic 
nitrate  for  gunpowder  (see  page  274).  It  is  further  employed  as  a 
dressing  for  soils.  ^ 

(la)  Sodic  Biborate ;  Horax  (Na,0,  2B,o,.  loH.O).  * 

Preparation. — The  crude  borax  (tinca!)>  a  compound  of  soda  and 
boracic  acid,  ivas  originally  imported  from  Thibet,  where  it  occurs  as 
a  natural  production  in  the  residue  obtained  from  the  evaporation  of 
the  water  of  certain  lakes.  It  is  usually  prepared  at  the  present  time 
by  fusing  sodic  carbonate  with  boracic  acid,  the  latter  acid  expelling 
the  carbonic  anhydride  from  the  sodic  carbonate,  Tbo  residue  is 
then  dissolved  and  crystallized. 

Properties, — It  forms  hard  clear  prismatic  efflorescent  crystals,  the 
transparency  of  which  is  soon  destroyed  by  exposure  to  air.  Th| 
solution  (1  in  12  aq.)  is  alkaline.  When  heated  the  crystals  at  fir,, 
intumesce  (swell  up)^  then  fuse  to  a  colorless  liquid,  which,  on  cooling, 
has  the  appearance  of  a  glassy  mass  (vitrified  borax).  Fused  borax! 
possesses  the  power  of  dissolving  many  metallic  oxides.  Hence  ita^ 
use  as  a  reagent  in  blowpipe  analysis,  the  oxides  imparting  special' 
colors  to  the  borax  bead,  by  which  they  may  be  recognised.     It  iaS 
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for  a  similar  reason,  to  remove  any  traces  of  oxide  (or 
tarnish)  from  the  surface  of  metals  bt^fore  soldering.  It  is  employed, 
moreover,  as  a  flux ;  also  in  enamoUiDg  (to  render  the  enamels  more 
fdfiiblejfin  fixing  colors  on  porcelain ^  in  glazing  stoneware,  and  also 
ia  medicine* 

^m  The  PnosFHAXES  (see  page  134).  | 

B   (170  Hydric  Sodic  Phosphate.— /"^o^pA^^!*  o/soda—(N&oEPO^, 

I  Preparation. — ^By  adding  sodic  carbonate  to  the  tetrahydric  calcic 

phosphate  obtained  during  the  process  of  preparing  phosphorus. 

H^CaSPO^  +2Na.2C03=^CaCO^^    +HgO-h       CO^  +  Na.HPO^ 

Tclrabydric  calcic  +  Sodio  car-^Calcio  oar- -j-Water-f- Carbonic  Anhy-+Hydrir  sodic 
phosphate  bofittte  bonato  drido  |ihc«phate. 

P  AH'>i<^^'*''  +  2CONaOg=COCao''  +  OH.  +  CO.  H-  PONaOello 
^H  Propertm, — The  crystals  are  rhombiVf  efiSorescenti  and  soluble  in 
^Bold  water  (1  in  4). 

H^   Actum  of  Am^— When  heated  to  QQ*"  F.  (37-2^  C. )  the  crystals  melt  in 

^tlieir  own  water  of  crystallisation.     Heated  to  21*2^  F.  (100"^  C.)  they 

lose  their  12  molecules  of  water,  becoming  NaoHPO^.     At  a  red  heat 

they  lose  one  more  molecule  of  water,  sodk  pifrophosphaU  (Na^P^Oj) 

il>eing  formed.  If  free  phosphoric  acid  (II^PO^)  he  added  to  thifl  salt 
^fNa4p.>0^\  the  hiphosphate  of  sodtjk  or  Hvdic  flihyfirk  pkospftnte  is  formed 
^'aH.^P04,  HoO).  Phosphate  of  soda  has  an  acid  reaction. 
I  The  tri basic  phosphates  of  soda  (and  the  hiphosphate  of  soda)  give 
pfliow  precipitates  with  argentic  nitrate. 
I  (19.)  Sodic  Pjrraphosphate  (Na^PjJ^JOH.O)  (see  above)  crys- 
tallides  in  prisms,       Its  solutiun  is  alkaline. 

The  t€traha»ic  pyrophosphate  gives  a  white  precipitate  with  argentic 
nitrate,  which  is  not  changed  by  exposure  to  light. 

I        (20.)  Sodic  Metaphosphate,  or  Monophosphate  (NaPO.,). 

^■^  FrYpamtion.  —  By  heating    either  the   sodic    dibydric    phosphate 

^■{NaH^PO^)  or  microcosmic  salt  to  redness. 

^H     Proptrtiett, — A  non-crystalline,  deliquescent,  very  soluble  substance, 

^Hihe  solution  having  a  feebly  acid  reaction. 

^B     The  monohamc  phosphate  gives  a  whitt  gdaiimuB  precipitate  with 

H  ftrgeatic  nitrate* 

i  Silicates  of  Sodium. 

Silica  or  stUcIc  acid  has  the  power  of  expelling  carbonic  anhydride 
I  from  its  compounds.  Hence  various  silicates  may  bo  formed  by  fusing 
^Bttlica  with  sodic  carbonate, 

^H    The  salt  Na.,0,8if\»9HeO  (Futsche)  may  be    prepared  by  fusing 
^BS  parts  of  powdered  flint  with  3  parte  of  sodic  carbonate. 
^^MdBjUf''  ^  I  <\  (Forchh  am  me  r)  may  bo  prepared  by  boiling 

^^^^^W\  u  a  saturatod  solution  of  ^odic  carbonate. 
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There  are,moreover,  maDj  other  silicates.  The  silicate  No^OjISiO, 
"  ioluble  glass  "  is  prepared  by  fusing  15  parts  of  sand  with  8  parts  of 
Bodic  carbonate  and  1  part  of  charcoal  (Fiichs),  The  silica  expels  the 
C0*>,  its  liberation  being  assisted  by  the  carbon  which  converts  it 
into  carbonic  oxide.  The  mass  is  insoluble  in  cold  water,  but  ia 
soluble  in  hot  (1  in  *5  aq.)     The  solution  is  alkaline. 

It  is  UBed  for  stone  preservatioHi  in  fresco-painting  ( Stereocbrom j), 
as  a  dung  substitute  in  calico-printing,  etc. 


Glass. 


4 


Glass  is  a  compound  of  an  alkaline  silicate,  and  a  silicate  of  an 
alkaline  earth,  mixed  with  one  or  other  of  the  metallic  oxides.  It  is 
not,  however,  a  true  chemical  compound  but  a  simple  mechanical 
mixture.  The  following  table  represents  the  percentage  composition 
of  different  glasses. 


Window. 

Pkte. 

Croum  for 

optical 

purposes. 

English 
flint. 

SiUc* 

66-37 

73-5 

626 

61-93 

Potaah 

, , 

6-5 

2'tb 

IS'77 

Boda 

H'23 

i^e 

•  • 

lime 

ll'Sfl 

5'fi 

12-5 

^  ^ 

Alumintt 

8  16 

35 

2-5 

0-47 

Oxide  of  lead.. 

33*28 

Oxide  of  iron  imd  maiigain^se 

•• 

•• 

•* 

0-25 

Soda  always  imparts  a  slightly  green  tinge  to  glass,  which  does  nol 
occur  with  potash,  A  soda  glass,  however,  is  more  fusible  and  more 
brilliant  than  a  potash  glass. 

Lime  diminishes  the  fusibility  of  the  glaes,  imparts  no  color,  am 
increases  its  hardness  and  lustre.     K  an  excess  be  used,  however, 
glass  on  cooling  turns  milky. 

Lead  increases  the  fusil>ility  and  the  lustre  of  the  glass,  and  rende: 
it  Boiter. 

Bariffa  is  also  said  to  increase  its  fusibility. 

Window  fjhss  consists  of  the  silicates  of  soda,  lime  and  aluminaj' 
100  parts  of  sand,  35  to  40  of  chalky  30  to  35  of  soda  ash,  and  50  to 
1 60  of  'Uynfiet  "  or  broken  glass,  are  first  subjected  to  a  low  heat,  so  aa 
to  expel  any  moisture  present,  and  also  to  drive  off  a  certain  quantity  o| 
carbonic  acid  to  prevent  subsequent  frothing.  The  heat  is  then  8uJ&^ 
ciently  raised  to  effect  tlie  complete  fusion  of  the  materials.  Soma* 
times  sodic  sulphate  is  used  instead  of  sodic  carbonate  (soda  ash),  thi 
Bulphuric  anhydride  being  expelled  by  the  silica,  as  SOj.  Sometime! 
a  little  charcoal  ia  added,  whereby  the  SO;}  is  reduced  to  80^,  iU 
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^•xpuiSSoii  being  thus  effected  at  it  lower  temperature.  After  meltings, 
the  mixtuM  ia  allowed  to  remain  for  the  **  glaas  gall,"  or  **  sandiver," 
or  "  seuin  "  (KaoSO^  and  NaCl)  to  collect,  which  is  then  skimmed  off. 
^H  IHaU-^lags  conaifits  of  the  silicates  of  »oda,  lime  and  potaah  ;  300 
^Marts  of  pure  white  sand^  100  of  sodic  catbonate,  43  of  alaked  limOp 
^^bd  300  of  fragments  of  glass  are  the  proportions  of  the  several  con-^ 
PHmtents  employed  in  its  manufacture. 

[  Cnfum*glas8f  for  optical  purposes,  contains  no  soda,  in  order  to  avoid 

the  green  tint  that  the  alkali  imparts  to  the  glass.   Sometimes  a  little 
boracic  add  is  used  in  the  place  of  a  portion  of  the  silica. 

Wine-hotilr  and  carhoif  gloMS  consists  of  the  alkaline  silicates  and 
the  silicates  of  lime  and  alumina,  with  oxide  of  iron.  The  constituents 
are  100  parts  of  common  red  ( ferruginous )  sand,  80  of  soap-maker*a 
iraatOi  80  of  gas  lime,  5  of  clay,  and  3  of  rock  salt. 

Fiint-glas9  ( crystal ).^ — The  conatituents  of  flint-glaaa  are  300  parts  of 
pure  white  sand,  200  of  minium  (red  oxide  of  lead),  100  of  refined 
peorlash,  and  30  of  nitre*  The  nitre  is  added  in  order  to  prevent  the 
redaction  of  the  lead,  by  oxydizing  any  matters  that  might  otherwise 
effect  it*  The  fusion  of  the  materials  is,  for  the  same  reason,  carried 
on  in  a  closed  pot  No  soda  is  used  became  of  the  tint  it  imparts  to 
the  glass,  whilst  lead  is  added  in  order  to  increase  its  fusibility  and  its 
refractive  and  dispermve  power.  Crystal  is  easily  scratched  and  ia 
^^disposed  to  tarnish  and  to  change  colour. 

^fe  Bohemian  glass  consists  chiefly  of  potasaic  and  calcic  silicates. 

^B  jymirificaiion. — Eeaumur*6  porcelain  glass  is  prepared  by  heating 

^f^eTtain  kinds  of  glass,  such  as  bottle-glass,  or  the  soluble  soda- glass 

of  Fuchs,  to  very  nearly  its  melting-point,  and  then  slowly  cooling, 

^^hereby  it  is  changed  into  a  hard,  opaque,  porcelain-like  mass  (devi- 

^Krification),  a  change  due  to  the  separation  and  crystallization  of  the 

silicates.     Its  original  transparent  state  may  be  restored  by  fusion. 

Such  glaas  is  less  fusible  than  common  glass,  and  is  a  fair  conductor 

of  electricity, 

Enameiling  is  effected  by  diffusing  certain  white  opaque  substances, 

I      8uch  as  staimic  or  antimonious  oxides  through  the  glass. 

^ft    Colftnring, — This  is  effected  by  dissolving  certain  metallic  oxides  in 

^^he  glass.     The  glass  generally  used  for  this  purpose  contains  a  little 

borax   and  about  53   per   cent,    of  oxide  of  lead  (paste  or  strass). 

Ferrous  oxide  imparts  a  green  color;  oxides  of  silver  and  antimony, 

a   y^tlow;  finely- divided  charcoal,  a   hrotmitHh   i/dhtc;    uranic   oxide, 

a  gremish   opalesvent  yelhw ;   cupric  oxide    (CuO)   or  chromic   oxide 

an    emerald    grtmi;     cuprous  oxide    (CugO),    a    rubf/-red ;    gold  and 

,      sitanoic  oxide,  a   more    brilliant   mb^-refl;    manganic   eesquioxide  a 

^^Met;  oxide  of  cobalt,  a  hlue:  oxides  of  cobalt  and  manganese,    a 

It  wiB  be  remarked  that  whilst  ferrous  oxide  imparts  a  green  color 
to  gliiMi  ferric  oxide  imparts  no  color.     Hence  k  little  nitre  or  arse- 
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niou8  acid,  or  Pb^O^,  is  often  added  to  the  glass,  in  order  to  oxidiie 
any  ferrous  oxide  that  may  be  present.  Similarly,  the  black  oxide  of 
manganese  is  sometimes  used,  which  converts  the  ferrous  oxide  into 
ferric  oxide,  the  manganese  oxide  becoming  a  protoxide,  which, 
like  ferric  oxide,  imparts  no  color  to  the  glass. 

Painiing  on  Glass  ie  effected  by  painting  with  a  very  fusible  glass,  i; 
a  state  of  fine  powder  mixed  up  with  turpentine  and  the  oxide  requisit 
to  impart  the  color,  on  a  somewhat  non-fusible  glass.     A  sufficient 
heat  is  then  applied  to  melt  the  fusible  glass  paint » 

Colored  Glass  is  generally   flashed,   that  ie,    colored  only  on  the 
BUrface  by  dipping  the  uncolored  glass  into  the  colored  glass  pot 

Tests  for  So<lium  Ompimnth. — {See  Akaxytical  Tables.) 
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LITHIUM  (Li,.). 


P=7.    Monad  (LiCl- 


pot.        ^ 
Fuses  0i 


OLin— ).      Spedjk  gramty,  0*593. 
356°  F.  (180°  C). 

History. — (X<0«€»  a  stone).     Lithia  was  discovered  by  ArfvedsonB 
(1817).     The  metal  was  first  prepared  in  small  quantities  by  Davy, 
and  in  bulk  by  Matthiessen  (1855). 

Natural  History. — It  is  a  widely,  but  Bparingly-distributcd  metal. 
It  is  found  in  all  three  kingdoms  of  nature.  In  the  (a.)  animal,  it 
occurs  in  milk  and  in  human  Idood ;  in  the  (^3.)  vegetable,  in  tobacco  ;  in 
the  (y.)  mna-ai,  in  all  waters,  also  in  lepidolite,  petaHte^  triphan* 
(i*podumene),  triphylline,  etc. 

Preparation, — By  the  electrolysis  of  fused  lithic  chloride. 

Properties* — («>)  PhymzaL  Lithium  is  a  white  metal,  and  is  tho 
lightest  metal  known.  It  is  very  ductile  and  volatile,  and  burns 
with  a  brilliant  crimson  flame. 

(/3,)  ChemicaL  Its  reactions  are  similar  to  those  of  sodium  and 
tasainni,  but  it  is  less  readily  oxidized.      Like  sodium,  it  decomposeBi 
water  at  ordinary  temperatures,  but  it  does  not  inflame, 

Uses^^^ItJS  wilts  are  used  in  gout  as  a  solvent  for  uric  acid 
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LiTHirM    COMPOOTDS* 

The  Lithium  compounds  best  known  are  the  following  : — 
Lithia  (Li^O) ;  Uthic  hydmU  (LillO)  a  body  which  rapidly  corrode 
platinum;    lithk   Htlphaie   (^i.-SO^.H^O)    a   crystalline    soluble   salt: 
tnUthic pho^phiile  (LijPOj)  a  salt  atjlublo  in  dilute  aeids^  but  insoluble ^ 
in  alkaline  solutions  or  in  solutions  of  alkaline  phosphates  ;  and  liihic 
carbonate  (LioCO,)  a  very  sparingly  st^luble  sail 

Tests  far  th^  Salts  of  Lithium. 
(L)  The  salts  commonly  are  fusible  and  deliquescent. 
(2,)  They  communicate  a  red  color  to  the  blowpipe  flame. 


AMarojfitm. 
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(3.)  They  give  a  n  on -con  tin  nous  Hpectnim  showing  a  crim&on  band 
between  B  and  C  and  a  faint  band  in  the  orange, 

(4.)  They  corrode  platinum  ft>il  when  heated  upon  it. 

(5*)  Pctassic  atrhonate  gives  a  white  precipitate  of  Kthic  carbonate 

cold  and  very  concentrated  solutions, 

(6,)  Hffdnr  disodic  phoHphate  gives  a  white  precipitate  in  a  neutral 
or  an  alkaline  solution,  eoluble  in  acids  and  in  ammonium  salts, 

CESIUM,  08=133  ;  EUBIDnJM,  Ilb=85-4. 

History^ — These  metals  were  discovered  by  Bunsen  and  Kirchhoff 
^^(1860)  by  spectrum  analysis. 

^B  Natural  Hhtorff, — ^They  are  found  in  the  vegetable  kingdom  (tobacco, 
^Vcoffeei  grapeSf  beetroot),  and  in  the  mineral ^  as  e,ff.,  in  many  mineral 
^p  waters. 

ProprrU'ei^ — Caffium  gives  two  blue  lines  in  the  spectrum  (casius 
aky-blue,)  Bubuihtm  is  a  white,  rapidly  oxidizable  metal  evolving  a 
greeniflh-bliie  gas  (8p.  Gr.  1*52°;  fusee  at  101-3  F,,  38*5^0.)  It  is 
known  by  its  red  spectrum  lines  (rubidus  dark  red.) 

Coscpountjs  of  CjEsnjM  Airo  Eubixhttm. 

The  compounds  of  caesium  best  known  are  as  follows: — 

Caste  oxide  (caesia,  CfigO) ;    cmzic  hydrate    (CsHO)  ;    ca&ic   chloride 

|[0bC1}  ;    cmsic  sulphaU  (Cs^SO^),  a  body  forming  double  salts  with 

Inlphates  of  the  class  to  which  magnesic  sulphate  belongs ;  a  hfdric 

Wi(ic  mlphate  (CbHSO^);  ctBinc  nitrate  (CsNO,);  cask  carbonate  said  an 

id  carbonate  (CsgCO^  and  HCsCO,). 

Similar  rubidium  salts  have  also  been  prepared. 

The  peculiar  spectra  of   caesium  and   rubidium  constitute  their 

inctive  testa. 


AMMONIUM  (NH,),, 

Ammonium  is  a  hypothetical  metal,  of  which  a  supposed  amalgam 
haft  been  prepared.     (Seepage  221.) 

Freparation. — (1).  By  electrolysing  ammonic  chloride,  a  globule  of 
mercury  forming  the  negative  terminal. 

(2).  By  placing  a  potasBic  amalgam  in  a  warm  solution  of  ammonic 
onde. 

In  these  cases  the  mercury  swells  enormously,  owing,  it  is  believed, 
to  the  formation  of  an  amalgam  with  the  metal  NH^.  The  ammonium 
iaalgam,  however,  rapidly  decomposes  into  Hg,NH,  and  H,  the  two 
last  gaset  being  in  the  proportion  of  2NH.,  to  H^. 

The  ammonium  theory  depends  largely  on  the  circumstance  that 
the  combination  of  dry  ammonia-gas  (NH,)  with  the  anhydrides, 
•msh  IM  OO.^iSOsp  etc,,  form  a  class  called  the  atnmomdes,  which  have  but 


MW 


aodft 
[fHH^),SOJ  kaaoluUe 
hoij,  boi  iti  jnlBtif  ii  not  precipitalied  by  baric  chloride 

By  loo^boOixig^,  lunrerar.  iHm  a^kmk  iiwowir  [(IIHj)^^ 

[(KH4>g8a4]  tbe  dtnge  weaOy  cotisiitmg  in  thn 
of  cme  molacQle  of  wsler  by  two  ammonia  molecuiei 
(i^,  2NH,+H,0=2XH40).  In  Ae  cMe»  bowerer,  of  the  hydnwdi, 
a  true  ammonium  salt  (as  NH^Cl)  is  fcimed  independentlj  of  a  watsr 
moleeole,  the  hydrogen  of  the  hydradd  itself  supplying  the  hydrogea 
atom  required  to  fonn  the  ammonium  radicaL 


« 


Again,  carbonic  anhydride  anddry  ammonia-gaa  combine  to  form 
white  Tolatile  compound  [(NHj)^^^],  which  is  ammouic  corbonaW 
minus  a  water  molecule^  and  is  regarded  as  an  ammooic  salt  of  carbaoufi 
acid  (H^CX)^  or  COHog),  a  deriTative  of  carbonic  acid,  where  one  rf 
amidogen  (NH^  in  the  salt  ia  aubstituted  for  one  of  the  group  hj- 
droiyl  of  the  aHd,  If  both  hydroxy!  groups  in  the  carbamic  licid  be 
replaced  by  Mmdogen,  a  body  called  carbamide  [(NH.,)2C0]  is  thea 
formed. 

CompoimdB  of  the  Hypotbatical  Metal  AmmomimL 
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7 
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NUDM. 


Ajnmonio  h7drato  (iim- 

monia)    , 

Ammonio  cliloride  (beI 

amtuofiiae) 
Airinjomc  iodide  , .      , , 
A mujonic  bromide 
'  Diammonic  eulphide  , . 
Diammonici  disulphide  . 
JDiammoaic       pcntaeul- 

pMd©       • 

Diftmmonic      lieptasul- 

phide 

Ammonic    hydric     buI- 

phide 
AmmQoic  sulphate 
HydHc    ammomo    nil- 
phato      .,     ,,     .. 
Sodic  ammomo  sulphate 

3  /  Ammomc  carbonate    . . 

J*  J  AjDmoaic  §«flquicarboQ- 
1       ate 

S  '  Ammouic  bicvrbonate . . 

o 

Ammonie  nitrate . ,     , . 

Scdie  ammouic  hydric 
phofipkate  (microcoo< 
mic  salt] 


Formula 
(general]. 


(10£JHO 

NH.Cl 

NHJ 

NH.Br 

(N11,),S, 

(NHJ,S, 
NH,H8 

(NHJHSO. 
NH<NaS042H,0 

XH^HCO, 


NaXH^HrO^lH.O 


S.; 

Formula 
(ooDBdtuCtoiial). 

It 

AmHo 

35 

AmCl 
Ami 
Am  Br 
SAm^ 

63-6 
145 

68 
100 

S,Am, 

SjAm, 

260 

SHAm 
SOjAmo, 

61 
132 

SO^oAmo 

lU 

COAmo, 

COHoAmo 

2se 

7» 

HOyJittO 

80 

POBoO^u^Kao 

1S7 

vm 
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^^    (1*)    Ammonio    Hydrate- — Ammonia    (H4NHO),       Tliie    ia    aa 
aqueous    solutiou    of  ammomA    gas.      When  the  liquid  is    heated, 
ftmmonia  ia  expeUed.     Hence ^  supposing  the  existence  of  a  hydrate, 
I      the  affinity  must  be  of  a  vety  feeble  nature. 

(2)    AHLtUOniG    Chloride*^ — Sal    amfn&nimi    Muriate  of   mmmma 

(NH^Cl). 

1  J^fparaiion. — ^By  the  combination   of  ammonia  and    lijdrocblorio 

acid  gases*    In  commerce  it  is  prepared  from  gua  liq^uiir^  which  contaius 

ammonia  (derived  from  the  nitrogen  of  the  coal}  as  a  carbonate  and  aa 

a  sulphide.    The  ammoniacal  liquor  is  first  neutralised  with  IICI^  and 

the  salt  crystallised  out  and  puriEed  by  diBtiilatioD»  or  else  ammonia 

^^MB  18  set  free  by  heating  the  liquor  with  lime,  the  free  ammonia 

^BatB^  conveyed  into  hydrochloric  aoid. 

^H  Properiifs, — It  ia  a  white  solid,  crystalliging  in  cubes  and  octahedra* 
^^^t  had  no  smelL  It  i&  slightly  soluble  in  alcohol^  but  very  soluble  in  > 
'  water  (1  in  3  at  60''  F.,  and  1  in  1  at  212^  F.).  It  ia  slightly  acid  to 
^—Jiimus.  It  is  volatile  by  heat  without  fusing,  undergoing  a  tenqmrar^ 
^Hlecomposition  when  heated  to  a  certain  temperature,  into  hydro- 
^^chloric  acid  and  ammonia  [dissociation),  ELence  the  vapor  volume  of 
^^thid,  aa  well  as  of  several  other  ammonium  salts,  is  double  thut  of 
^hnoat  compounds.  The  relative  weight  of  the.  vapor  is  13*3,  80  that 
^Hjtae  molecule  (53*5  parts)  instead  of  occupyiug  two  volumes  would 
HtMem  to  occupy  four. 
~     (3, 4.)  The  Ammonic  Iodide  (XH J)  and  Bromide  (NH^Br)  are 

uaed   in  photography.     They  are  both  soluble  salts,  the  former  de- 
eompoaing  rapidly  by  exposure  to  air. 

(5-8>)  Solphide  of  AmmoniaMi — Diamtwnic  iulphide  or pt-oto^ulphide 

Preparation, — (1*)  By  distilling   together    ammonic    chloride    and 
sic  sulphide  ;  and  collecting  the  products  in  a  cold  receiver. 
L)  By  mixing  H^S  with  twice  its  volume  of  ammonia  gas.  i 

Prt>p€rtiu,~^\t  consists  of  colorless  crystals*     It  is  a  very  unstable 
body,  becoming  at  ordinary  temperatures  ammonia  and  ammonic- 
hydric  sulphide. 
1^^     Diammonic  Disnlpbide  [(H4N)nS2]  is  prepared  by  passing  sulphur 
^Bvapor  and  ammouia  gas   through  a   red-hot   porcelain   tube.     The 
^Bferyntalfl  are  yellow  and  transparent. 

^™  Bo^hU  fuming  liquor,  prepared  by  distilling  sal-ammoniac  with  lime 
and  Bidphur,  is  the  hj/drated  diammonie  f-ulphide.  Its  solution  in  water, 
which  diseolTeB  sulphur  freely,  forms  an  Auimonic  PeBtasulphide 
[(H4N),85],  from  which  solution  the  sulphur  may  be  obtained  in 
oblique  rhombic  prisms.  A  sulphide  with  the  formula  [(H4N)8S7]  haa 
been  obtained.     It  is  a  red  crystalline  body. 

(90  Ammonic-hydric     Salphidei    HydrosulpkaU    of  ammonia 


■         \9')   AH 
^"      Prrparaii 


Prtp^ratitm. — (}»)  (Ma  .soMtott,)  By  saturating  a  solution  oi  aoi- 
monls  With  sulphuretted  hjdragen. 
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(2.)  In  the  mihydrouB  form  by  mixing  two  volumes  of  ammonia. 
with  two  of  Bulpliuretted  hydrogen, 

Properties,' — The   anhydrous   salt   is   colorless,   transparent, 
Tolatile^  enhlimiag  unchanged,  and  soluble  in  water. 

The  solution  is  at  first  colorless,  but  speedily  becomes  yellow  bj 
absorbing  oxygen,  whereby  ammonic  di sulphide  and  ammonic  thio- 
sulphate  (hyposulphite)  are  formed, — 

8n,NHS  +  50o=i2r(H,N)eSe]  +  2[(H,N)AO,]  +  4H,0.  M 

Finally  sulphur  is  deposited,  the  solutioa  then  containing  ammonic^ 
hyposulphite,  sulphite  and  sulphate. 

The  solution  is  largely  used  in  the  laboratory  as  a  test  reagent. 
Two  important  facta  should  be  remembered  :— 

I.  On  the  addition  of  an  acld^ — (a.)  the  fresh  soluti&n  gives  off  H^S^ 
the  solution  itself  remaining  clear : — 

NH4HS     +     HCl     =     NH^Cl     +     HoS. 

(jj.)   Whilst  the  old  j^ltUion  also  gives  off  USt  ^^t  the  solution  he 
comes  iurbid  from  the  deposition  of  sulphur  by  the  action  of  the  acid ' 
on  the  diammonic  diaiilpliide ;  — 

(NH^)s82     +     2HC1     ^     2NH,C1     +     H^S     +     S,  f 

n.  With  acetate  of  lead^-^a.)  TIi€  freih  hoIuHqh  gives  a  A^ac^-  pre* 
cipitate  of  plumbic  sulphide  (PbS).  ^ 

ifi.)  The  old  sofiHivfi  gives  a  red  precipitate  of  plumbic  persulphido.B 

(10.)  Ammonic    Sulphate   [(H.4K)£S04].  —  7*rf;;amfm?i.   By   dis-^ 
tilling  gas  liquor  with  lime,  and  condensing  the  ammonia  in  sulphuric 
acid.     It  is  found  native  as  mascagnine,  and  is  also  found  on  the 
windows  and  furniture  of  rooms  where  gas  is  burnt. 

Properties.^ A  crystalline  salt^  soluble  in  water (1  in  2  aq.).  When 
heated  the  crystals  first  decrepitate^  then  melt  (284'^'  F.  or  140"^  C), 
and  finally  decompose  (500°  F*  or  260°  C.)»  ammonic  sulphate  being 
formed  together  with  H^O,  NH;,,  N,  and  SOg. 

It  is  used  as  a  manure^  and  also  to  render  muslin  non- inflam- 
mable. 

An  mid  or  Hydric  Ammonic  Sulphata  (n^N}sH2S04,  and  nM 
Sodic  Ammonic  Sulphate  {ll4N)NaS04,2lL()  are  also  known,  ■ 

(1345.)  Normal  Ammonic  Carbonate  [{H4N)^C0.,]  ia  not  known, 

but  probably  exists  ia  sulution.  M 

Ammonic  S^sqnicarbonate   or  common  carbonate  of  ammtmia   or  ■ 
Preston  smelling  salts  [2(H^l^)fifSC0^  is  prepared  by  heating  a  mix- 
ture of  chalk  and  ammonic  chloride  (or  sulphate).     The  sesquicar- 
bonate  formed  is  collected  in  a  leaden  vessel  and  afterwards  purified 
by  sublimation.  m 

eH^NCI  +  aCaCO^  =  SCaClp  -h    SH^N   +  HsO-h2[(H4N)A300jJ 

Amnionic     -\-     Calclo    ^    Calcic    4~  Ammonia  4-  Wator-|~  Ammotiic  I 

chloiido  c^rbonato        chloride  sciiquicarbonate,       I 

The  salt  smells  strongly  of  ammonia,  and  is  soluble  in  cold  wategj 
(1  in  3  aq.).  JIM 


yvm>s  OP  AMUONiuv. 
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On  exposure  to  air  the  transparent  aesquicarbonate  gives  off  NH^ 
I  and  COj,  and  becomea  opaque  and  crumbly,  an  ammonic  bivarbonate  being 
formed. 

2(H^N)20,3COg  =  2NH,  +  CO^  +  2(H4NHCO^) 
I  Immaaie  ii^*quicarb<mate  ==  AmmoDm  -f  Carbonic  acid  -|-  Amnionic  bkarboimte. 
The  bicarbonate  is  also  formed  by  the  action  of  boiling  water  on 
I  the  sesquicarbonate,  or  by  acting  with  cold  water  on  the  sesqiii- 
^■carbonate*  In  this  latter  case  a  aolution  of  the  normal  carbonate 
^■18  obtainedi  and  the  bicarbonate,  a  more  eparingly  soluble  salt  ( 1  in 
Bf  aq,)  left. 

16.— Ammonic  Nitrate  (H^NNO^)  ia  prepared  by  neutralising 
aminonio  eeequicarbonate  with  nitric  acid.  It  is  a  crystalline,  deli- 
quescent salt,  soluble  in  water  with  the  prodiiction  of  great  cold. 
On  the  application  of  heat  it  first  melta  (226  F°.  or  107'8^  C),  and 
then  decomposes  (at  482^  F,  or  250'^  C),  into  water  and  nitrous  oxide, 
and  at  a  greater  heat  into  water,  nitric  oxide  and  nitrogen. 

^m^  17.— MicTOCosmic  Salt  or  Sodic  Ammonic  Hydric  Phosphate 

^■Na^n^NjU^PO^,  iH.^0)  ia  the  only  ammonic  phosphate  of  importance, 
^nl though  phosphates  of  ammonia  corresponding  to  the  sodic  phoa- 
^Pphati^s  are  known. 

Preparation, — By  acting  on  a  solution  of  1  part  of  ammonic  chlo- 
ride with  6  parts  of  hydric  disodie  phosphate,  sodic  chloride  being 
also  formed.  The  miorocofimio  salt  ia  purified  from  the  solution  by 
suocesaive  recrystallizations. 

PropertUs. — It  is  very  soluble.     By  heat  the  ammonia  and  water 

are  driYen  olF»  a  sodic  metaphosphate   remaining.     This  compound 

becomes  a  colorless  glass  at  a   red    heat,  and  in  this  state  dissolves 

Tarious  metallic  oxides,  forming  with  them  beads  of  different  colors. 

I  Hence  its  use  in  blow- pipe  experiments. 

TtiUfor  Ammonium  Compounds, — [See  Akalytical  Tables,) 
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CHAPTER    XIIL 

Group  V.— THE  METALS  OF  THE  ALKALINE  EARTHS. 

Babjum   and  its  Compoundt^SraoPTitif    and    iia    Compotmda — Caici^u   uid 
Compo^dfl— MAONEaiuic  and  its  Compounda* 


Metal. 

Symbol 

Atomio 
Wfiiglit. 

Atomic 
Volume. 

Specific 
Gravity. 

1 

Electiie 

Conductivity 
68^-^62°  F. 

Barium 
Strontium  . » 
Calcium     . . 
Magneaiimi 

Ba 
Sr 
Ca 

Mg 

137-0 
87-6 
40*0 
24-0 

34-25 
3449 

26-35 
13^77 

4-00 
2-.74 
1-57 
1-74 

) 
6-71           , 
22*14           ' 
2547 

I 


Barium^  atrontmm  and  calcium  are  di sting tiished  from  the  members 
of  Group  L^  as  folio wa; — 

(1.)  Thej  are  divalent  elements. 

(2.)  They  are  heavier  than  water. 

(3.)  They  decompose  water  less  energetically. 

(4.)  Their  oxides  and  sulphides  are  leas  soluble  in  water. 

(5.)  Their  carbonates  are  insoluble  in  pure  water,  but  are  soluble  1 
in  water  containing  CO^. 

(6.)  Their  sulphates,  phosphates  and  oxalates  are  either   entirely 
or  nearly  Id  soluble. 

Further  note  : —  fl 

(1,)  They  each  form  two  oxides,  of  which  one  h  basic  and  forms 
a  hydrate  with  water  of  the  formula  M"H^O^* 

(2.)  They  each  form  one  chloride  M^Cl^  fl 

W©  class  magnesium  with  the  metals  of  the  alkaline  earths  for  ™ 
coETenience,  although  ita  power  of  resisting  oxidation  at  ordinary 
temperaturesj  its  volatility  at  high  temperatures,  the  sparing  solubility 
of  its  oxide  and  sulphide,   and  the  solubility  of  its  sulphate,  mora 
nearly  ally  it  to  zinc  and  cadmium. 


BABItJM  (Ba'=137.) 


Atomic  and  molecular  weight  137,  Specific  ^nit/f  4*0.  Fuses  below  a 
red  heat,     Atomkity^  dyad  (Ba"OL) 

History ,-^I^i8covered  by  Sir  H,  Davy. 

Natural  History.— Found  as  heavy  spar  (BaSOl)  and  Witherits 
(BaCO^), 


\ 


,OF  BABimC. 

PrapankitiOQ, — (lO  ^y  eleotrolyemg  baric  chloride,  using  mercury 
far  th^  negative  pole,  whereby  an  amalgam  with  barium  ie  proiluoed^ 
from  which  the  mercury  may  be  afterwards  expelled  by  heat. 

( 2.)  An  amalgam  of  barium  may  also  be  formed  by  the  action  of  a 
sodium  amalgam  on  a  solution  of  baric  chloride. 

(3.)  By  passing  the  vapour  of  potassium  over  red  hot  bario  oxide 
or  chloride. 

Properties, — A  pale  yellow^  malleable  metal^  meltbg  below  a 
red  heat,  quickly  tarmshing  in  air,  decomposing  water  at  ordinary 
temperatures  (Ba-H2H^0=H2  +  BaH^0a),  and  glass  at  a  red  heat. 

All  the  barium  compounds  are  soluble^  colorless  (if  the  acid  be 
colorless)  and  poisonous.  Bodic  or  magnesic  sulphates  are  tho 
proper  antidotes. 

Compounds  of  Barium, 


K 


10 


I^saaes. 


Bam  oxid«  (lMU7t4) 
,,  ^  dioxid«  {per- 
oxide of  banttm) 

Baric  h  jdrftte 
»»    chlorids      , . 
„    tiilphide 

„  disalpliide  .. 

I,  lulphaie     . « 

^  iiitmte 

,,  oarbcmate  .. 


chlorate 


Formula 
(commoD.) 


BaTO 

]     BuO, 

BftH,OL 

BftClViH.O 

BaS 

BaS, 

BaSO^ 

B&2N0, 

B*CO, 

Ba(C10J, 


Formula 
(conatitutional.) 


Ba^O 

<\ 

BaHo- 

BaCL,20H, 

BaS 

SfLBao" 

IBao" 

OCl 

o 

Bao'' 

0 

OCl 


COI 


Molecular 

▼eight  of 

anhydrous 

Bolt. 


UZ 

171 

208 

Ida 

201 
233 
261 

197 

304 


Specific 

gravity  of 

crystak. 


6*456 


4-495 
3-052 


4*69 
3*284 

4-3 


BftO  orss 
tu  BaQ  m 
100  parU. 


100*00 

00*53 

89-47 
73-55 
90-53 

76*11 

65*66 

68-62 
77*67 

60  32 


LCOM^OmfDS  OF  BaBFUM  VITH  OXYOEN  AND  HyDEOXYL. 
Baric  oxide— BaO. 
Baric  peroxide — BaOj, 
Baric  hydrate — BaH^Og. 
\t.)  Baric    oxide,  Baryta  (BaO)j  is  the  residue  left  on   igniting 
boric  nitrate*     It  freely  absorbs  moisture  and  carbonic  anhydride^ 
and  sLakea  with  water^  forming  baric  hydrate. 

(2,)  Baric  Peroxide,  or  Dioxide  (BaO^)  is  prepared  by  heating 
bario  oxide  in  a  current  of  oxygen,  or  with  potaaaic  chlorate.     It  is 
used  in  the  preparation  of  hydroxyl.     When  heated  it   ^^  ^^ 
oxygen,  learin^'  BaO. 


m 


316 


HAlfDBcOX   OF   MODEKN   CHEMISTET. 


i 


(3.)    Baric    Hydrate,  Cavatlc  hanjia  (Ball^Oo).     Prfparatum 
By  the  action  of  water  oa  baryta  (BaO),     (2.)  By  boiliDg  baiic  sul» 
phidowith  cupnc  oxide  (BaS  +  CeO H-OHe=Ba Ho. -fCuS). 

Ptvperties. — It  rapidly  absorbs  COo.  It  is  not  decomposed  by 
hmt  It  ia  soluble  in  water  (1  in  20  at  60°  F.,  and  1  in  3  at  212°  F.), 
but  ia  almost  insolubie  in  alcohol. 

{4 J  Baric  Chloride  (BaCI^^H^O)  is  prepared  by  dissolving  BaCO^ 
in  HCl.  It  crystalliaes  in  flat  prisms,  which  are  soluble  in  pure 
water  (1  in  2  at  60^  F.),  but  are  much  less  solublo  if  the  water  con- 
tains any  ^oe  acid. 


i 


Bakium  Oxysalts. 


(7.)  Baric  Sulphate  (BaSO^)  is  found  native.  It  is  insoluble  ia 
water,  and  in  all  acids  except  in  boiling  sulphuric  acid.  It  is  used  by 
artists  as  a  paint  (pemianait  white)  ^  and  is  employed  as  an  adulterant 
of  white  lead.  Heated  with  carbon,  it,  in  common  with  all  sulphates, 
becomes  a  sulphide. 

(8.)  Baric  Nitrate  (Ba2N03)  la  prepared  by  the  action  of  KNO^ 
on  BaCOj.  The  crj^atals  are  octahedral,  insoluble  in  alcohol,  but 
soluble  in  water  (1  in  8  at  m^  F.,  and  1  in  3  at  212'^  F,),  Whea 
boated  it  melts,  leaving  finally  baric  oxide  (2BaN£Og==2BaO -h 
2N2O4+O2).     It  is  used  for  pyrotecbny, 

(9.)  Baric  Carbonate,  J^ithtHle  (BaCO^),  ia  prepared  by  the  action 
of  an  alkaline  carbonate  on  a  barium  salt.  It  is  inmluhle  in  water  con- 
taining saline  matter,  almost  rmoluble  in  pure  water ,  but  soluble  ia 
water  containing  COo, 

Tests  for  Barium  Compounds. — (S4e  Akaiytical  Table.) 


I 


STEONTIUM  (Sr''=87-5). 


Atomic  and  Molecular 


weight,   87*5 ;    Specific  gravity, 
dffad  (Sr"Cy. 


2-54;    Atofnicittf 


History* — Discovered  by  Sir  H.  Davy  in  1B08. 

Natural  History. — Found  as  strmtiatiite  (SrCOa)  and  aa  eelettine 
(Sr804). 

PteparatiOB, — Similar  to  the  preparation  of  barium  (seepage  315) 

Properties. — A  white,  or  according  to  Matthiesaen  a  dark  yellow 
metal,  malleable,  burning  in  air  with  a  crimson  flame,  and  decom^ 
posing  water  at  common  temperatures,  with  the  evolution  of  hydrogen* 
It  IB  soluble  in  dilute  but  not  in  concentrated  nitric  acid. 
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CALCIUM, 


Bir 


Compomids  of  Strontium. 


Karnes. 

FormuLi 
(com  moo*) 

Formula 
(ooQBtitutiooal) 

Atomic 

weight  of 

anhydrous 

»alt. 

Specific 

Gravity  of 

crystiJj. 

8rO  in 
100  parts. 

Strontic  oiide  (atrontk} 

„       peroxide 

,^      hydrnte  . ,      . . 
,,       duoride  . . 
jt      sulpb&te.. 

j          „       nitrate    ♦ . 

„      carbonate 

SrO 

8rO, 

STK,0„2n,0 

SrCl^aE^U 

SrSO, 

Sr2N0, 

SrCO, 

SrO 

SrHog.aOH, 

SrCt^,30n3 

SO.Sro*' 

COSro" 

103'6 
119'6 

1216 

158-<S 
183-6 

211-fl 

147-6 

4-611 

1-300 
1-003 

2-306 
3-65 

1000 
80-62^ 

65*3^^ 
56-43 

7019 

(L)  Strontic  Oxide- — Strontia  (8rO).  CorreBponds  in  all  respects 
to  HaO  (see  page  315), 

(2.)  Strontic  Peroxide  (SrO^), 

PrtparatimK — Bj  the  aetion  of  hydroxyl  on  Btrontic  hydrate 
( SrILO.  +  H^O^^SrO^ + 2  HjO ). 

All  the  strontic  salts  are  white  if  the  acid  with  which  the  metal  is 
combined  be  colorless 

Tests /or  Strontnim  Compounds, 

1 .  Strontitim  compounds  color  the  blowpipe  flame  red. 

2.  In  the  spectrum  several  bright  bands  are  seen  in  the  red  and 
orange,  and  a  brilliant  band  in  the  blue. 

3.  Tests  similar  to  barium  compounds,  excepting  that 

4.  Sitwo-Jluoric  m:fd  and  mdic  ihiosulphate  give  no  precipitate  with 
strontium  salts.  Strontic  silico  -  inorid©  (SrFg.SiF^),  unlike  the 
barium  compound,  is  soluble  in  water. 

For  further  Testa  see  Analytical  Tables, 

CALCIUM  (Ca"=40). 
Atomic  weigU^  40  ;  Specific  gt'avity,  1*578  ;  AtomicHif)  dt^ad  (CaCl,.). 

History, — Discovered  by  Sir  Humphry  Davy,  1808. 

Natural  History. — Found  (a.)  in  the  mineral  kingdom,  as  marble, 
limestone,  calcapar,  etc.  (CaCO^) ;  and  as  gypsum,  selenite,  alabaster, 
etc.  i  CaSO^) ;  as  a  fltwnde  in  fluorspar ;  aa  a  phosphate  in  apatite, 
j^osphorite,  etc. 

(^.)  In  the  animal  kingdom  it  is  found  in  bones  aa  a  phosphate,  and 
in  eggsliells,  oyatershells,  etc,,  as  a  carbonate. 

iy*j  It  is  present  in  all  vegetables. 

Preparation. — (l-)  By  processes  similar  to  those  desoribed  for  tlie 
preparation  of  barium  and  atronthtm  (seepage  315). 
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^^H           (2.)  By  igniting  sodium  with  calcic  iodide.                               ^^H 

^^H          (d*)  By  heating  an  alloy  of  zinc  and  calcium  (formed  by  fasini 

^^^       together  zinc,  Bodium,    and  calcic  chloride)   ao   as  to  volatilise  thi 

^^^        zinc. 

^^H           PtOpertieS, — A  light  yellow,  very  hard,  malleable,  ductile  metal 

^^^       It  melts  at  a  red  heat,  tarnishes  in  air,  and  decomposes  water.     It  i 

■            rapidly  acted  on  by  dilute  acids,   and  burna   when  heated   with  i 

■            brilliant  white  light.                                                                               J 

^^p                                  Compounds  of  Calcium*                      49 

Names. 

Fonmila 

Fonnula 

■iH^ 

Spwific  Gravity 

Ca 

(commoa). 

(oonatitutional]. 

B^f^S 

of  tbe  CryBtal. 

in  1 

|Li 

^^^ 

1 

Calcic  03cido  (quioV 

1 

lime)       .V    ,. 

CaO 

OaO 

66 

3*18 

1 

2 

Cttlcic  poixwdde    . . 

CaO,         1 

iS^^ 

1 

3 

Calcic    hydrate— 

{ilaked  lime)  . . 

CaH,0, 

CaHo^ 

74 

2-078           1 

iPV                    A        HI'                "<■         il-        .A  rti  rf% 

CaC 

t* 

Caldc  chloride     . , 

CoCl, 

CaCl, 

111    j 

Crystallized  I '680 
Fused     . .     2-485 

Ci 

1 « 

„      bromide     . , 

CaBr. 

OaBr, 

1 

1  *> 

,,     iodide 

Cal/ 

Cal.' 

■   7 

Cftlcio   fluoride — 

(fluor  ?piiir)    . , 

CftF, 

CftF, 

78 

3-4 

Oa 

,      « 

Cftloio  sulphide    , . 

CaS 

CaS 

72 

1' 

■10 

Coloio  dkulphide. . 

CaS, 

Cttlcio       peutftflul- 

phide      . .      . . 

CaS, 

OaSj 

_11 

Calcie  thiosulpbate 

I. 

^hypo8iil[^Mte) . 

CaS,0, 

8S"0Cao'' 

Calcic  Lypocbbrite 

CaCljt), 

Ca(OCl)Cl 

■  13 

Caldo  phoftpbide  . . 

Ca,P,(Pj 

142 

14 

Calcic    Bulpbate  — 
(gypaum) 

I      CaSO^ 

BO,Cao'' 

136    1 

Cryatallixed  2-30 
AnbydrouB     2*95 

Calcic  nitrate 

Ca2NO,,4H,0 

^^'»Cao",40H, 

164 

Crystiaiixed  1780 
AnbjdfOUB    2-24 

16 

Calcic  carbonate—- 

(cbalk)    ..      .. 

CaCO,         1 

COCao" 

100 

2-72 

GaO 

17 

Trit<lcic  phosphate 
^bone  oortb)   . . 

Ca^P.O,      1 

P,0,Cao", 

i 

18 

Calcic      pboaphate 
(HUf^qibosphate) 

Ca"H,!2P0, 

PjOjHo^Cao' 

1 

19 

Calcic  diMlieide   . . 

Si,Ca         f 

m 

20 

Calcic  oxalate 

CaCaO„2H.O 

}g^Caa^2DH, 

128 

i 

B                         Compounds  of  Calcium  with  Oxyoen  aicd  Htdhoxyl.         J 

^^^^^b                      Calcic  oxide         ...  CaO.                    ^^H 

^^^^^p                    Calcic  peroxidd  «. CaO^.                   ^^M 

^^^H                   Calcic  hydrato CaQgO«.           ^H 

^^m 
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(!♦)  Calcic  Oxide;  ^^*^^t  Quicklime  (paO)*  JPreparaiicn, — (I.)  By 
heHliag  together  coal  and  limestone  (CaCO^)  j  (2,)  Pure  CaO  may  be 
pvopared  by  heating  Carrara  marble  to  rednesa  for  some  hours  in  an 
open  fire. 

/Vt>per(i^« — A  white,  caustic,  iufiiaible  substance,  combining  rapidly 
with  water  {slaling)^  by  which  process  great  heat  is  evolyed.  The 
Hme  swells  up  during  the  process  (live-lime),  and  finally  crumbles  to  a 
white  powder,  forming  CaO,H.,0,  called  slated  lime  or  *olid  calcic 
htfdtxite.  When  eicpoeed  to  the  air,  lime  absorbs  both  moisture  and 
carbonic  anhydride,  becoming  what  is  called  **  air-^lakeii'^  lime,  a 
eompound  represented  by  the  formula  (CaCO^jCaHoO^), 

k(2.)  Calcic  Peroxide  (CaO^)  is  prepared  like  SrO,,  (see  page  317.) 
(3-)  Calcic  Hydrate^  Slaked  lime  (CaH^Oj),   is  prepared  by  the 
action  of  water  on  quick  lime  (CaO).     When  heated  to  a  red  heat, 
HyO  is  expelled,  and  CaO  remains. 

A  white  creamy  mass  called  **  milk  of  lime  ^*  is  produced  when  calcic 

hydrate  is  diffused  in  water.     Calcic  hydrate  is  twice  as  soluble  in 

cold  ( 1  in  700  or  O'o  gr,  to  Jj.)  as  it  is  in  hot  water,  the  solution  being 

:nowii  as  **  lime-water, ^^  which  is  an  alkaline  liquid,  rapidly  absorbing 

;0^  from  the  air*     By  evaporatiDg  lime-water  **  in  vacuo"  a  crys- 

illiue  hydrate  (CaH^Oj)  may  be  obtained  (Gay  Lussac), 


Usee  of  Lime. 

Kortar,  tchich  ♦>  nsed  for  Indldinge  expoeed  to  the  action  of  air  <mly^ 

insists  of  lime  and  sand,  the  latter  being  added,  as  in  the  case  of 

[ittery,  to  increase  the  cohesive  power  of  the  lime,  and  to  prevent  it« 

ahrinking  as  it  dries*     Before  the  mortar  is  applied^  the  bricks  are 

wetted,  in  order  to  prevent  their  absorbing  moisture  too  rapidly  from 

.the  mortar.     It  is  not  very  clear  why  mortar  dries.     The  surface,  and 

lie  surface  only  of  the  mortar  becomes  carbonated,  whilst  to  a  certain 

•latent  combination  takes   place   between  the   lime   and   the   silica, 

tilng  a  calcic  silicate. 

Mortar,  when  exposed  to  the  action  of  water,  disintegrates.     Hence 

cannot  be  used  for  sub -aqueous  constructions, 

I  Cements,  or  Hydraulic  Mortars  or<?  emphyed  for  buildings  expoetd 
io  the  action  of  water.  They  consist  of  a  calcined  mixture  of  carbonate 
pi  Urae  and  clay  (10  to  30  per  cent.),  whereby  calcic  silicate  and  some 
ilttminic  silicates  (the  silica  being  derived  from  the  clay  or  lime)  are 
f  '       The   powdered   calcined   mass,    when   mixed   with    water, 

-,  owing  to  the  formation  of  hydrated  double  silicates  and 
alummates,  a  substance  being  thua  formed  of  great  hardneas,  and 
^ia|K>n  which  water  has  no  action. 

Xba  rapidity   of  solidification   depends   on   the  quantity   of  clay 
If  it  contains  25  to  85  per  cent,,  it  hardens  in  a  few  ho\M%, 
coDfltitatee  what  is  ctdJed  Hornan  cemmit^  a  subsVaui^Q  coium^uV| 


d20 


HAlfDUOOK   OF   MODElttf  OHBMISTRY, 


manufajctured   from  tlio   noduleB  of  calcareo-argillaceous   ironstone, 
found  in  the  London  clay. 

Portland  eement  consists  of  a  calcined  mixture  of  lime  and  mud  (clay| 
taken  from  the  river  Medway,     The  mass,  when  dry,  has  the  appe 
ance  of  Portland  stone. 

Concrete  la  a  mixture  of  hydraulic  cement  with  gravel  or  coarsel 
powdered  pelibles.    Scott^s  cevwit  is  lime,  containing  a  small  proportion 
of  calcic  sulphate. 

Lime  is  also  used  as  a  manure,  for  the  purification  of  coal  gaa,  ani 
for  various  other  purposes. 

(4,)  Calcic  CMoride  (CaCLz), — Preparation,  (1.)  By  the  action  o: 
IICI  on  CaCO^.  The  solution  is  evaporated  to  dryness,  when 
CaCl^.eK^  is  obtained,  which,  at  390^^  F.,  becomes  CaCIa^SPLO,  and 
above  this  heat  CaCL.  (2.)  It  is  also  obtained,  as  a  secondary  pro- 
duct, in  the  manufacture  of  ammonic  carbonate  (/?^tf  page  312).  Thus — 
6H^NCl-f  SCaCO^i  =-  3Ca01o  +  2[(H^N).0,3C04]  +  2H3N  +  HeO. 

Proper  tie  9. — A  white,  very  deliquescent  salt,  soluble  in  alcohol  and 
in  water,  the  saturated  aqueous  solution  boiling  at  355°  F.  {17D'5^C.). 
It  abaorba  ammonia  freely, 

Uftett. — It  is  used  in  the  laboratory  in  the  solid  form  aa  a  deBsicant, 
and  its  solution  is  employed  as  a  bath  to  obtain  a  steady,  contiuuoua 
temperature.     The  crystals  mixed  with  ice  form  a  powerful  freezi: 
mixture. 

(7.)  Calcic  Fluoride*  Fluor  spar  (CaFrt)  is  found  as  a  mineral 
sea  and  in  other  water,  and  also  in  the  bones  and  teeth  of  animals. 
is  the  source  of  all  the  fluorine  compounds. 

(80  The  Calcic  Sulphides  ^o  mostly  soluble,  CaS  forma  one 
of  the  principal  constituents  of  the  **  aoda  waste  "  of  the  alkali  works. 
By  expoenre  to  air,  it  becomes  calcic  thiosulphate  (hyposulphite)^ 
(2CaS  +  H^O  +  20^=:^CaHA  +  Ca^*^^Pi)»  and  by  the  action  of  sod: 
carbonate  is  converted  into  sodic  thiosulphate  (see  page  272). 

(14j  Calcic  Snlphate  (CaSOj)  is  found  in  nature  as  anhj/drite 
(€0804),  and  as  fft/psum,  alabaster,  sehnitey  etc.,  (CaSO^ySH^O) ;  also  in 
various  waters  (selemtic),  constituting  one  source  of  pi?/v?j«»f«f  hardness. 

Proper  tics. ^-It  occurs  in  flattened  prisms  (selenite)  and  in    earth: 
mosses  (g-ypaum).     It  is  soluble  in  water  (1  in  500^140  gre.  p 
gallon  at  60*^  F. ),  its  solubility  being  diminished  by  the  presence 
calcic   and   m  ague  sic   chlorides.     It  is  insoluble   in  alcohol  and 
dilute  nitric  aud  hydrochloric  acids. 

Uses, — Planter  of  Paris  consists  of  finely* powdered  gypsum  calcin' 
at  500^  F*  {260°  C),  so  as  to  drive  off  the  two  molecules  of  water 
contains.  When  the  calcined  ma^Js  is  mixed  with  water  it  rapidijj 
solidifies  and  expands,  again  combining  with  the  two  molecules  o| 
water  expelled  by  tJie  previous  heat.  If  **  overburnt  "  this  propert] 
of   recombination   with   water   is    destroyed.     By   exposure   to   ain 
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PKter  of  Fans  deteriorateB,  owing  to  its  absorbing  moisture*  Stucco 
i«  plaster  of  Paris  mixed  witli  a  solution  of  size,  whilst  various 
eements  are  formed  by  its  admixture  with  a  solution  of  alum,  borax, 
etc.,  by  which  means  the  hardness  of  the  mass,  when  sot,  is  greatly 
Increased-  Scagliola^  or  artificial  marbles^  are  formed  by  the  insert  ion 
lato  the  stiicoo  of  pieces  of  natural  stone.  J 

The  **  pearl  hardaier"  of  the  paper- makers  is  freshly  precipitated  1 

dc  sulphate. 

(15.)  Calcic  Nitrate  (Ca2N0;„4H50)  is  a  cryetaEine  deliqueficent 
aalt,  soluble  in  alcohol. 

(16.)  Calcic  Carbonate  (CaCO,,)  is  found  native,  both  in  an  un- 
cvjstaliized  stute^  as  limestone,  chalk,  oolite,  eto,^  and  also  in  minute 
granular  crystals  (as  marble),  either  colored  with  iron  or  manganese 
oxides*  or  of  a  black  tint,  due  to  the  presence  of  bituminous  matter. 

I  It  also  occurs  in  large  six-sided  crystals,  as  arragonite,  and  in  rhum* 
lohc^al  crystals,  as  Iceland  or  calo  spar,  etc. 

In  the  anitnal  kingdom  it  forms  the  chief  constituent  of  corals,  of 
fish,  and  of  egg-shella ;  and  it  enters  largely  into  the  formation  of 
bones.     Pearls  are  also  composed  of  it« 

Properties, — A  white,  cryatailine  (dimorphous)  body,  almost  in- 
soluble in  pure  water  (2  gra.  in  1  gallon),  but  soluble  in  water  con- 
taining carbonic  anhydride,  from  which  solution  it  is  deposited  when 
the  gas  is  driven  off.     In  this  way  the  stalactites  and  stalagmites  of 

er  by  shire  are  formed,  and  also  the  tufa  aud  travertine  of  volcanic 
districts*  It  is  decomposed  by  heating  in  air  (CaCOj=CaO-fCOg), 
and  also  by  the  action  of  HCn,HNO;,  or  H^SO^. 

It  constitutes  one  and  the  chief  cause  of  the  temporanj  hardness  of 
water ^  that  is^  hardness  removable  by  boiling  (see  p.  208).    The  depo- 
iition  of  the  lime  and  niagnesic  carbonates  in  boilers,  constitutes  whan 

called  •*  furring,**  and  renders  a  water  containing  an  excess  unsuit- 
able for  boiler  purposes.  The  deposition,  however,  may  be,  in  a  great 
measure,  prevented  by  the  addition  to  the  water  of  a  little  soda  ash 
or  ammonic  chloride.  In  the  latter  case,  ammonic  carbonate  is  formed, 
which  volatilises  along  with  the  steam ^  a  soluble  calcic  chloride 
remaining.  Dr.  Clark  has  suggested  a  plan  of  softening  hard  waters 
by  adding  a  sufficiency  of  lime  to  combine  with  the  carbonic  acid 
holding  the  carbonate  of  lime  in  solutiou,  whereby  the  calcic  car- 
bonate pre-existent  in  the  water  and  that  formed  by  the  unioa, 
of  the  carbonic  atid  and  the  additional  lime,  are  precipitated  together.! 

Calcic  carbonate  constitutes  the  basis  of  many  buildiiig  materialsi 
Fnch  as  marble,  Portland  stone,  Bath  stune,  magueaian  limestone^  of 

hich  the  Hoases  of  Parliament  are  built.     The  decay  of  such  stones 
[pendent,  in  a  town,  on  the  action  of  sulphuric  acid  (produied 
iug  coal  J,  aod  of  carbonic  acid,  as  well  as  by  mechanical  dis- 
integration occasioned  by  the  expansion  of  the  water  in  the  pores  of 
llu»  alone  in  the  act  of  freezing. 
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(17-18.)   Calcic  Phosphate8.-Tlie  Trkaldf,  phosphate  (Ca5P,0«j| 
occurs  native  in  osteoUte,  coproliti\  etc.    It  is  tbe  principal  rngredieat  of 
bone-ash,  Varioua  calcic  phosphates  known  as  phosphorite,  apalitr,  etc., 
are  also  found  native.    Calcic  superphosphate  {Ca''H^|2P04)  is  formed^J 
by  treating  bone-earth  with  oil  of  vitriol,  H 

(20.)  Calcic  Oxalate  (CaC^O^,2H20)  is  a  white  insoluble  body, 
precipitated  when  aramonic  oxalate  is  added  to  a  lime  aolatioe.  It  is 
insoluble  in  acetic  acid,  but  is  converted  by  heat  into  calcic  carbonate 
(CaaO^-^CaCOj  +  CO). 

Chloride  of  Lime,  or  **  Bleaching  powder,*'  is  prepared  bypassing 

chlorine  over  slaked  linie^    The  lime  absorbs  nearly  half  its  weight  of 

chlorine.      Formerly  the  compound  was  regarded  aa  a  mixture  o£ 

>  calcic  chloride  and  hypochlorite.     Thus — 


2CaHA     +     2Cn^     =     CaCIg     -f     CaClA     +     2H^0, 


Calcic  hjdrate  -f  CMorino  ^         Ekaching  powder.  -f      "Wntpr, 

But  inaemuch  as  bleaching  powder  is    not  dtUquescmi  (when  well 

made)  and  not  aolMe  in  alcohol  as  calcic  chloride  is,  this  compound  is 

now  believed  to  be  a  definite  chemical  combination,  viz.,  a  calcic-chloro- 

hypochlorite,  Ca(OCl)Cl 
It  is  decomposed  by  water,   by  heat,  by  moist  air  (hypochloroua 

acid  being  evolved),  and  by  acids. 

Ttsisfor  Lime  and  its  compounds. — (See  Anaxytioai.  Tables.) 
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MAGNESIUM  (Mg"). 

{Atomic  and  molecular  weighty  24.  Speci^e  gravitt/f  1*743.  Atomfcfti 
dt/ad.  (MgOl>).  Fuses  at  a  red  htat).  Its  general  properties, 
Tolatility  of  its  chloride,  the  solubility  of  its  sulphate,  and  the 
isomorphism  of  its  compounds  with  those  of  zinc,  ally  it,  so  far 
as  its  general  chemistry  is  concerned,  to  this  metal,  rather  than 
to  the  metals  of  the  earths.  ^1 

We  consider  it  here  for  conveaience,  ^B 

History. — Prepared  by  Davy  in  1808,  and  studied  by  Bussy  in  1830, 
Kataral  HiBtory. — It  occurs  (a)  in  the  mineral  kingdom  as  maflfl 
uesite  (Mg(J(J.,)^  dolomite   or  magneaian    limestone   (Ca"Mg''2C0jp 
as  brueite  (MgH^CX),  and  as  boracite,  hydroboracite,  and  pearl  epar. 
As  a  Mcate  it  is  found  in  the   form  of  mica,  aabestoa^    hornblondi 
serpentine,  olivine,  steatite  (soapstone  or  French  chalk ),  meerschaui] 
tale,  etc.  It  occurs  in  most  waters  as  a  carbonate  and  a  sulphate.    (/3J 
It  is  found  in  animals  and  vegetahha  in  combination  with  carboniq 
phosphoric,  and  most  organic  acids. 

freparation, — (l.)  By  the  electrolyais  of  fused  magnesic  cUoti^ 
(Davy;) 

(2.)  By  heating  a  mixture  of  metallic  potassium  and  maguea 
cshloride.    (Bussy,) 
(S.)  By  fusing  a  mixture  of  Mgao,NaCl,CaF.  and  Na. 
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roperties,^ — {^O  Ph^Bkal.  A  white,  hard,  light,  malleable,  ductile 
metal,  melting  at  a  red  heat,  and  sufficiently  volatilo  that  if  heated 
m  a  hydrogen  atmasphera  it  may  be  distilled.  It  is  inisoluble  in  cold 
water,  but  is  soluble  in  acidulated  water  and  in  ammonio  cbJoride 
(4NH^Cl4-Mg=2NH4Cl,Mg€l2+H.-h2NH3). 

(fi.)  ChfmicaL  It  decomposes  warm  but  not  cold  water.  It  is  not 
easily  affected  by  dry  air,  but  is  rapidly  oxidized  in  moist  air  at 
ordinary  temperatures.  It  bums  in  air  (forming  MgO),  the  light 
eiTalTed  being  of  great  intensity,  and  highly  actinic.  It  also  burns  in 
chlorine,  bromine,  iodine,  and  in  sulphur  vapors.  It  combines,  with 
I  fiitrogen  at  high  temperatures  to  form  a  nitride  (NgMg^),  It  ignites 
when  placed  in  HCl,  but  is  not  ac^ted  on  by  cold  nitro- sulphuric  acid. 
It  reduces  acid  solutions  of  salts  of  many  of  the  metals,  hydrogen  gas, 
or,  as  in  the  case  of  arsenical  and  antimonial  compoimds,  arseniu^ 
retted  or  antimoniuretted  hydrogen,  being  evolved. 

Uses. — ^It  ia  used  as  a  source  of  light  in  photography,  the  mag- 
neaium  spectrum  being  continuous  and  of  high  actinism. 

Compounds  of  Magnesimin. 


ehkride 


Ordinary 

FormuU. 


MgH,0, 
MgCl, 

{       MgS0,,7H,0 

Mg2NO,.6K,0 

MgCO, 
lfg€O^MgH,0„3H,0 

B,Mg,''2P0,»HH,0 

Mg^,(H^),2PO„12H,0 


ConstitutiODal 
Formuk. 


ill 


MgO 
Mgllo, 

MgCl, 

MgBr, 

MgS 

S0no,Mgo".60H4 

cbMgo'' 


B^O.Mgo''; 
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Specific  Gravity 
of  Crystal!. 


36 


{        with  6H,0 
n  1*562 

(  tebydrous  2*177 
ISI 


56 

i*>n  1  Crystals  1*660 
^*"  I  Anhydrous  2-706 


148 
84 


274 


1*484 
3^056 


Anhydroui 

Salt  eontoiii 

Mg  or  Mg< 

per  coat. 


Mg=6a 

I 

MgrO^ie-f 

MgO=33*I 


(X)  Hagnesic  OiiAe,  Mapusia  (MgO),    This  b  the  ou\j  oiv<!i^  ol 


•M 


c&MmsmT. 


air,  af^^ 


hen 


Pffp4mai^m, — It  maj  hm  pirepared  1^  bfoiniag  magnesium  in  air, 
bj  igciting  magneeie  earbookate  or  nitrate  in  a  cnwilila.  It  i&  a  whit« 
and  almoat  inaolnble  powder.  like  lime^  barjta,  and  strontia^  it 
alakea  with  water ;  but,  unlike  tbem,  it  derelopa  no  heat  in  doing  eo. 
The  magneeie  hjdrate  (MgHtO^^  thus  formed,  dowly  absorbs  atmo- 
tpheric  carbonic  anhvdride^  The  hvdrate  forms  a  compact  mass  like 
plaster  of  Paris^  and  may  be  need  for  casta.  Magneeie  oxide,  when 
placed  on  turmeric  paper  and  moistened,  turns  the  paper  brown* 

(2.)  Magnesic  Hydrate  (^fgHLjO^)  occurs  in  nature  as  brudt 
and  ma  J  be  prepared,  in  addition  to  the  above  method,  bj  precii 
tating  magneeie  sulphate  with  potassie  hydrate  (MgS04  4*2KHO=:" 
K^O^+MgH«Og).     It  is  insoluble  in  water,  and  infusible  by  heat. 

(30  Magnesic  Cblaride  (MgClj)  is  found  in  sea  water.     It  may 
be  prepared  by   acting  on  magnesia  or  magnesic   carbonate   with 
hydrochloric  acid-     On  evaporation  to  dryness,  the  MgOl^  is  decom* 
,  poeed  (Mg<7]^-i-H^O=2HCl-hHgO).     If  ammonic  chloride,  however,    j 
I  be  added  to  the  solution  before  it  is  evaporated,  the  double  salt    I 
I  (l£gCl^,2NH4Cl)  is  formed,  from  which  the  NH^Cl  may  be  volatilized, 
leaving  pure  MgOlj  in  a  fused  state. 

It  is  a  eiystalline  deliquescent  substance,  freely  soluble  in  water 
and  in  alcohol. 

(4*)  Magnesic  Bromide  (^g^^'s)  is  found  in  sea  water  and  in 
salioe  spriogs. 

(5.)  Magnesic  Nitride  C^^gs^z)  ^^^^y  ^  produced  by  the  direct 
union  of  niirogen  and  magnesium.  It  is  a  crystalline  body,  easily 
decomposed  by  water  (N5Mg3'^3H50=2Nn3  +  3MgO).  fl 

(6,)  Magnesic  Sulpbide  (MgS)  is  slightly  soluble  in  water.  ^ 

(7J  Magnesic  Sulphate,  Epsom  salts  (MgSO^THgO),  is  found 
native  in  small  quantities  In  most  waters,  but  in  great  abundance  in 
certain  springs  in  the  neighbourhood  of  Epsom. 

Preparation, — By  calcining  dolomite  (MgCa2C03),  a  mixture  is 
formed  of  MgO  and  CaO.  This  residue,  after  being  washed  to  ex- 
tract some  of  the  lime,  is  acted  on  with  sulphuric  acid,  whereby 
MgSOj  and  CaSO^  are  formed,  the  latter  of  which,  being  insoluble, 
is  precipitated^  The  magnesic  sulphate  may  then  be  obtained  from 
the  clear  solution  by  evaporation. 

It  may  also  be  prepared  from  the  "  bittern"  of  sea  water  (that  is, 
the  liquor  remaining  after  the  extraction  of  the  common  salt),  *>* 
well  as  from  the  liquor  of  the  alum  works.  ■ 

Properties.— A  white  crystalline  fright  rhombie  prisms),  bitteS 
tasted,  slightly  efflorescent  salt.  It  is  soluble  in  water  (l  in  3  aq,  ajM 
60*^  F,,  and  1  in  1*5  aq.  at  212°  F.).  By  a  heat  of  212'"  F.  (100^  C,m 
six  of  its  water  molecules  may  be  driven  off,  whilst  the  seventd 
molecule  needs  a  very  much  higher  temperature  to  effect  its  separar^ 
tioB,  This  seventh  molecule  may  be  displaced  by  a  molecule  of  an 
Rubydroua^  saJt  (such  as  K^S04),  a  double  salt  being  formed  (feuoh^ul 
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Kg804,K^04,6HsO),  haying  the  same  crystalline  form  as  magnesic 
Bulphate. 

(9.)  Magnesic  Carbonata  (^^^s)-  —  Natural  History.  Found 
native  as  magnesite  and  (together  with  CaCOj)  as  dolomite. 

Preparation. — ^Boiling  solutions  of  K^COj  and  Mg^l^  are  mixed  toge- 
ther, and  the  precipitate  formed  dissolved  in  carbonic  acid  water. 
From  this  solution  the  salt  is  deposited  (MgCOsySH^O)  as  the  carbonic 
anhydride  escapes.  ''  Magnesia  alba  "  (MgGOjtH^OjMgHsOs)  is  pre- 
pared by  precipitating  a  magnesic  sulphate  solution  with  a  sodic 
carbonate  solution. 

(IL)  Amnionic  Magnerio  Fhoaphatey  Triple  phosphate: 
(M.g^(EL^)^2TO^,l2^0)  is  an  important  salt,  magnesia  being 
usually  precipitated  in  analysis  in  this  form.  It  is  insoluble  in  water 
containing  free  ammonia.  On  igniting  the  salt,  magnesic  pyro- 
phosphate (MggPgOY)  is  formed,  from  which  the  quantity  of  mag- 
nesia may  be  estimated. 

Triple  phosphate  is  a  frequent  constituent  of  urinary  calculi. 
(15.)  The  Kagnesic  Silicates  are  numerous.     Talc  (4MgO,5Si02), 
steatite  (3MgO,4SiOs),  meerschaum  (2MgO,3Si02,4H20),  and  serpen- 
tine (2[(MgFe)0,Si02]MgO,2H20)  are  a  few  illustrations  of  its  more 
common  forms. 

Te$t$.^ (See  Analytical  Tables.) 
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THE  METALS  OF  GEOTJP  IV, 


Manganesx  and  ita  CompoimJs — ^Zli^c  and  its  CompouDds  ^— Cobalt  and  its 
Compoimda— Nickel  mid  ita  Compoaiida— UaANipat  and  ita  Compounda — Indiusi 
and  ita  Compounds. 


MANGANESE  (Mn=65). 


J 


Specific  gravity  7*0  fo  8*1.      Atomicih/j  dyad,  tetrad f  and  heixtd,  alia  a 
pieudo-iriad  and  an  otlad ;  a  dyad  a»  in  Manganov^  compounds  (MnO  ; 
MnS04),    and  a  tetrad  (althmigh  apparentlif  a  triad)  in  Mang\ 
compounds  (MnjOj  j  MiigClg)- 

History,^ — Manganese  was  used  in  early  times>  althougli  its  nature 
i^rae  not  understood,  to  color  glasa.     The   oxide  was  recogniaed  bv^ 
Scbeele  in  1774,  and  the  metal  obtained  by  Gatm  in  1780,  H 

Natural  History; — Manganese  is  not  found  in  a  free  state.  It 
occurs  as  an  oxide  m  bausmannite,  Mn^O^,  brauaite,  Mn^O^,  and  pyre- 
lusite^  MnO^ ;  as  a  snip  hide  in  manganese  blende,  Mn8  ;  as  a  carbonate 
m  mauganese  spar^  MnCO^ ;  and  as  a  silicaU  in  red  manganese, 
MnSiO^,     It  is  found  in  the  asbes  of  plants. 

Preparatian. — (l.)  By  reducing  manganous  carbonate  with  char- 
coal, ^^ 

(2.)  By  the  electrolysis  of  manganous  chloride.  ^B 

(3.)  By  tbe  action  of  sodium  on  manganic  fluoride. 

(4.)  By  reducing  tbe  oxide  with  carbon  in  a  crucible  of  cauatio 
lime.  (DeviOe.) 

Properties, — («-)  PhysieaL  A  greyish -white  or  reddish  metal,  brittleJ 
but  so  extremely  hard  that  it  will  scratch  steel.     It  is  feebly  magnetio 
and  very  difficult  to  fuse. 

(/I.)  ChenncaL  It  is  readily  oxidized  when  exposed  to  the  air, 
decomposes  water  at  ordinary  temperatures,  liberating  hydrogen, 
has  a  great  attraction  for  carbon . 

Usa6« — It  is  mixed  with  iron  for  the  purpose  of  hardening  it 


CoMPotnrDS  of  Haj^oaitese  A2fi>  OxTOEir. 

MnO  J  McjjOj^  and  MnO^  exist  in  a  free  state  j  MnOg  and  Mn^^ 
have  nerer  been  isolated. 

Chemically,  it  is  to  be  noted  that — 

MnO  16  a  powerful  base, 

MngOi  is  feebly  basic. 
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j£^?v  *  >  are  indiifereQt  oxides,  that  ie,  are  neither  basic  nor  acii 


Compoiuids  of  Manganese. 


SiXTS. 


igaDoui  oxide  (protoxide) 
Jif  drate     . . 
oxide  (8<fiqtiioxide) 

red  oxide     * .     < . 

Mangmiiiti  dioxide  (peroxide) 
M«ngimic  anhydride     , .      » . 
-Pennftngiinic  anhydride 


I  i  MtUiganouM  djloride 
I    1  Manganic  chloride 

J   /  Dimfliigamc  hexachloride 

MADganoui  aulpbate    , . 
ILuigatioufl  emrbon&te  . . 


Ordinary 
Formula. 


Mn"0 
MnH/), 

MuO.MajO^ 

Mq^'O, 
Mn^'O  (?) 

MnCL 
MnCl^ 

Mn,C!, 

MnSO^,7HjO 
MnCG, 


Conslitutionol 
Formula. 


I  'ui^    Specific 
I  "l^l  Gravity. 


HnO 
MnHo, 

MnOMno" 
MnO. 

MnO, 


{  Si^XMno" 


MnCl, 


S0Ho,Mno^60H, 
COXIuo" 
J 


5-1 


71 

168 

229 

87 

ma 

222 
126 
197 

323 

151 

llo 


Mn 
per 


4-82 
4-72 
4*94 

2-01 


j  3*1  of 
} anhyd. 


cent^ 


77'46 
61-79 
ed-62 

7205 

63*22 
68-39 

43'tf6 
27-91 

34  05 


^M      do  ManganonS  OxidOi  Protoxide  of  Mungane^e  (MnO). 
^r       i^rtparatitm. — (1.)  Auhtfdnma,  By  igniting  maDgrmouB  carbonate  in 
fi  ctiTrent  of  hydrogen. 

(2t)  As  a  hydrate  (MnHgO^),     By  the  addition  of  an  alkali  to  a 
niAnganous  salt* 

Properties, — Manganous  oxide  has  an  olive-green  color,  and  rapidly 

absorbs  oxygen^     The  hydrate  is  white,  but  turn 8  brown  immediately 

on  exposure  to  air.     It  is  a  powerful  base.     Its  salts  are  HeBh -colored. 

(3.)  Manganic  Oxide^  Sesquioxide  of  Manganese  (MiioOj). 

Natural  i/i^^ary.— Found  native  aa  hraunite  (Mu^O,)^  and  as  mangamU 

(MnA^HoO). 

Pr^raration  (as  a  hydrate).-^  By  firat  passing  chlorine  through  water 
in  which  manganous  carbonate  (MnCOj)  is  suspended^  and  pubse- 
^Hqnently  removing  the  excess  of  carbonate  with  dilute  nitric  acid. 
^H  Pr0pertie9 — A  brown  finhstance,  deeompoaed  by  heat  (6Mnn03==; 
^p4Miit0«-h0j).  It  colors  glass  violet  (amethyst)^  It  is  a  weak  base, 
\      and  ifiomorphous  with  alumina  and  ferric  oxide.     TLue  in  **  mauga* 

ilaeos  aluminic 


36-42 
47-82 


manganic  sulphate  displa 


\  sulpha 


K^SO^ 


Mn^aso. 


or        24n.O 


'  Al-  380. 


f  red,  and  are  decomposed  by  heat. 
ivkU. — Strong  sulphuric  acid,  when  hoatod,  decom\>o&^m 
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it,  liberstoig  oxjgea,  and  lamiiiig  a  masgrnnooi  sulphate;  dilitte      ^ 
eulpliitric  add  d»ol¥ea  it ;  nitric  add  deoompoeies  it  into  MnO  and 
llaOg,  dimoMng  the  foimer  oxida  i  hjdxocUoria  acid  af^yea  chkriaa       • 
wbai  baated  with  it. 

(4)  Eed  Manganese  Oxide  [^0304)  occare  native  aa  ''hans-  - 
mannite,"  and  may  be  prepared  by  heatssg  any  i>f  the  manganese  ^ 
oxides  in  the  open  air.  It  does  not  fixmi  aalla.  ¥^md  borax  and  glass  .^ 
dieeolTe  it,  aequiiing  an  amethyst  color. 

(&•)  Manganic  DioZlde;  hinojcidt^  pertaade,  or  Uack  ^ride  of  man 
gant$t  (MnO^).  ^| 

Natural  Uutory. — Found  satire  in  a  crystalline  state  aa  •*  pyTo-« 
Inatte,  and  in  an  amorphooa  form  as  '^psilomelane."  Itoceora  as  ^^B 
hydrate  in  •*  wad  "and  "  varrieite  "  (Mn,0,,2MnOj,By)).  ^ 

Preparation, — {\J)  Anh^drmu.    By  calcining  the  nitrate.  ^B 

(2.)  As  a  hydrate,  (a.)  By  acting  on  potasaic  permanganate  wit^^^ 
an  acid.  ^h 

(fi.)  By  heating  Mn^O^  with  nitric  acid.  ^| 

(y.)  By  adding  chloride  of  lime  to  a  solution  of  a  manganous  salt 
Frapertiu, — (a,)  PhysicaU      A  black  substance,  insoluble  in  watesr*'  - 
It   is  a  good  conductor  of  electricity.      It  is   decomposed  by  hes^'^ 

(/3.)  ChetiikaL  MaO«  is  an  indifferent  oxide,  that  is,  it  is  neith^:^ 
acid  nor  basic.     Heated  with  fulphnric  acid  oxygen  is  eyolved,  and  ^^ 
manganous  sulphate  formed  (2MnO.-h2H^S04==2MnSO4+2H,O  +  04^  - 
With  hydrochhnc  acid  chlorine  is  set  free,  and  a  manganous  clilorid  ^^ 
formed.     Nitric  acid  is  without  action  upon  it.     Manganic  dioxide  L^^H 
largely  used  for  the  preparation  of  the  chlorine  required  in  the  mani^^B 
facture  of  bleach iug- powder.    Inasmuch  as  MnOj  usually  contains  iron  ^ 
the  residual  liquor  also  contains  mixed  manganous  and  ferric  chlorides  ^ 
From  this  liquor  the  manganous  chloride  may  be  again  convert©^^ 
into  oxide  by  adding  a  little  lime  to  the  mixed  solution,  which  pre*-^ 
cipitates  the  p^r- chloride  of  iron  without  decomposing  the   proto— ' 
cbloride  of  manganese,  peroxides  being  weaker  bases  than  protoxide* 
(Fe^,C]6+  3CaO=Fe„0.j+ 3CiiCL).   The  manganese  may  now  be  throwm 
down  with  chalk  as  a  carbonate  from  the  solution  (MnCL  +  CaCO,,^^ 
MnC05+  CaCL),  which  is  then  roasted  at  600°  F.,  and  the  MnO^  ro-| 

L  produced*     (Dtinlop.) 

r      (6.)  Hang^nic  Acid  (HaMn04=r21). — The  man^anatu.     The  freej 
acid  is  not  known.  Poiaseic  viongafiaU  (mineral  chameleon)  (K^MnO^yl 
and   iodic  manganate  (i^B.^nO^)    are   prepared   by  fusing  toget! 
caustic  potaah  or  soda  respectively,  with  manganese  dioxide,     Th« 
solutions  when  evaporated  in  vacuo  over  sulphuric  acid  yield  green 
crystalB,     When  these  are  dissolved  iu  pure  water,  or  in  water  con- 
taining a  trace  of  acid  (the  manganates  being  less  stable  in  an  aci^ 
than  in  an  alkaline  solution),  the  salts  are  decomposed,  the  color  of 
the  liquid  changing  from  green  to  red^  due  to  the  formation  of  potasslo 
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f^WISh  permang^anate^  a  black  precipitate  of  manganese  dioxide 
[  being  thrown  down  (3K.MnO^  +  2 np—K.M  11208  4-  MnO^  +  2K^K/}^). 
The  sodic  manganate  canetitutes  **  Condy^B  green  disinfecting  Jfuid^^^  the 
^tion  of  which  depends  on  the  ease  with  which  the  manganates  yield 
llieir  oxygen  to  organic  matter.  **Cafisel green"  is  a  baric mangan ate 
CBa'Mnb^). 

(7.)  Permanganic  Acid  (B^^lj^iO^.—  Tln^  permanganaUa. 
Prepanitimt — {1.)  A  potaesic  permanganate  ia  formed  by  the  action 
of  heat  on  an  intimate  mixture  of  manganese  dioxide  (4  parte),  potasaio 
chlorate  ( 3*5  parts),  and  potaaaic  hydrate  (5  parts),  whereby  a  potassic 
anganate  is  formed,  which  may  be  dissolved  out  with  water, 
'arbonic  anhydride  is  then  passed  through  the  green  solution,  until 
it  becomes  red  (SKsMnO^^  2C02=KjMn208+ ^iXgCOsH^  MnOj).  The 
clear  liqiiid  decanted  from  the  precipitate  is  tben  evaporated  to  a 
small  bulk,  and  the  potassic  permanganate  crystallised  out  (Bechanip). 
By  treating  the  crystals  with  sulphuric  acid,  permanganic  acid  rises 
&a  a  violet  vapor,  and  may  be  condensed  to  a  dark  liquid. 

(2.)  A  solution  of  the  acid  may  also  be  prepared  by  decomposing 
baric  permanganate  with  dilute  sulphuric  acid. 

Potassic  permanganate  crystals  appear  rod  by  transmitted,  and  dark 
green  by  reflected  light.  When  heated  they  yield  oxygen.  All  the 
permanganates  (excepting  tbe  silver  salt)  are  soluble  in  water,  their 
solutions  being  of  a  red  color.  This  color  is  discharged  by  sul- 
burous  acidf  by  neutral  solutions  of  the  sulphides  and  pentathionateB, 
%y  acid  solutions  of  the  sulphates,  hyposulphites,  areenitea,  nitriteSi 
etc,,  and  by  acid  solutions  of  mercurous^  ferrous,  stannous,  and  anti» 
monioaa  salts,  the  permanganic  acid  being  reduced  to  the  colorless 
zaanganous  oxide. 

The  permanganates  are  not  so  unstable  as  the  manganates,  never- 
ihelesa  they  readily  yield  tbeir  oxygen  to  organic  matter,  the  per- 
manganic acid  first  becoming  manganic  acid,  and  the  manganese 
heing  ultimately  reduced  to  the  state  of  a  hydrated  manganic  dioxide 
(Condy's  red  disinfecting  liquid). 

(8.)  Manganons  Chloride;  ProtocMoride  ofman^anem  (lifnClg). 
Occurrence  and  Preparation, — It  occurs  mixed   with  ferric   chloride 
in  the  residual  liquor  obtained  during  the  preparation  of  chlorine.    It 
may  be  separated  by  evaporating  tbe  clear  filtrate  to  dryness  and 
igniting,  by  which  means  the  iron  salt  is  either  volatilized  or  coa-^ 
terted  by  the  remaining  water  into  the  insoluble  sesquioxide.     Oi|^| 
treatang  tbe  mass  with  water  the  manganous  chloride  may  be  dissolvect 
out. 

The  salt  is  pink,  deliquescent,  soluble  in  water  and  alcohol,  and 
ftinble  at  a  red  boat. 

(0.)  Manganic  Chloride  (^n-jClg),  a  brown  substance  decomposed 
by  heat  (Mn^C]6=2MnClo-hCl*j).    Manganic  tetrarhloride  (MnCV^^  ^'^^ 

oae),   (termed  .^anjanic  pcrcldoride 


a  do 
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(MU2CI7)  bj  Dumas),  a  yellowish  coudensible  gaa  obtained  by  dia- 
eolving  potassic  permanganate  in  sulphurio  acid,  and  adding  fused 
Bodic  chloride  to  the  solution,  have  also  been  described.  ^^ 

(llO^Manganous  Sulphate  cMnSO.JH^O).  ^ 

Preparation. — Manganic?  dioxide  is  first  heated  with  sulphuric  acid, 
the  solution  evaporated  to  dryness,  and  the  residue  ignited  in  order  to 
decompose  any  ferric  sulphate  present.  By  acting  on  this  residue 
with  water,  pure  manganese  sulphate  is  dissolved,  and  the  insoluble 
ferric  oxide  left 

FroperticB. — A  rose-colored  soluble  salt  used  by  the  dyer  in  pro* 
ducing  blacks  and  browns. 

(12.)  Manganous  Carbonate  (MnCOj)  is  found  native  as  **  man- 
ganese spar/*  and  may  be  prepared  as  a  hydrate  (2MnC0^,H50)  by 
precipitating  MnCl^  with  an  alkaline  carbonate. 

Tests, — {See  Anai*ytical  Tables.) 


•tfiicitf^t 


ZINC  (Zn''). 
Atomk  and  Molecular  wef^htf  66,     Specific  grami^^  6'8-7'2.     Atmnv 

(ft/ad  (")  asZnO;  ZnClg* 

History, — The  metal  was  known  (as  "  Spelter  ")  in  the  thirteenth^™ 
century.     It  was  described  by  Paracelsus,  ^M 

Katujal  History* — It  has  never  been  found  native.     It  occurs  aa  ~ 
a  carbonate  (ZnCO^)   in    calamine,   as  a  sidphkk    in  blende,    as   an 
oxide  (ZnO)  associated  with  iron  and  manganese  oxides,  in  red  zinc 
ore,  and  as  a  mlicafe  in  "  electric  calamine"  or  zinc  glass  (Williamite), 

Preparation* — (A,)  The  ore  is  first  brought  into  the  state  of  oxide 
either  (a)  by  calcining  the  carbonate  or  {fi)  by  roasting  the  sulphide* 
Thus— 

(a.)  ZnCOj  (calamine)         =  ZnO     +  CO^,  fl 

(0.)  2Z11S  (blende)  +  30^^  2ZnO   +   2S0j. 

(B.)  The  oxide  is  now  heated  with  powdered  coal,   either,  as  jib- 
Silesia,  in  an  earthen  retort,  or,  as  in  England,  in  a  crucible  closei^- 
with  a  luted  lid,  into  the  bottom  of  which  an  exit  pipe  is  fitted^ 
through  and  down  which  the  zioc  distils  {distillation  per  descensum). 
ZnO  +  C  ^  Zn  +  CO. 

Impurities  and  purification, — Of  the  impurities  of  zinc  the  principj 
are  zinc  oxide^  lead,  iron^  tin^  untitnoni/f  arsmiCf  copper^  and  cadmium, 

Zinc  oxide  is  separated  by  meltiog  the  metal  and  skimming  off  the 
dross  which  collects  on  the  surface,  the  ingots  thus  prepared  being 
known  commercially  as  "  spelter."  The  presence  of  lead  inter ferea 
with  rolling  the  zinc.  The  greater  specific  gravity  of  lead  (Pb=:l  1*4 ; 
2n=;7^14)  enables  us  to  extract  a  portion  of  the  lead  from  the  mixed 
metal  by  simply  melting  the  alloy,  the  upper  part  of  the  melted  mass 
containing  not  more  than  1'2  per  cent,  of  lead. 

Its  separation   from  cadmium  and  an^cnicum  is  commonly  oHected 


I 
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tirmg  its  preparation.     These  metals  being  more  yolatile  than  dno 

til  over  first,  and  bum  at  the  month  of  the  tube  with  a  brown 
fiame  (hrown  blaze).  The  difitillation  of  the  pure  zinc  is  determined  by 
the  flame  a^uminga  bluish-white  color  (i^lue  blase). 

The  pure  metal  may  be  prepared  by  igniting  pure  zincio  carbonate, 
and  distilling  the  oxide  formed  with  sugar  chareoaU 

Properties. — (a>)  Pht/maL  A  light,  hard,  bluish -white  crystalline 
metal.     It  melts  at  773^  F.  (412°  C),  hoih  at  1,904°  F,  (1,040°  C),  and 
volatilizes  at  a  red  heat.     At  ordinary  temperatures  it  is  brittle ;  between 
12°  and  302° F,  (100^  and  150*^0.)  it  is  both  iluctiU  and  maUeabl6^\ 
irhilst  at  410°  F,  (210°  C)  it  again  becomes  hriitle, 

(fl,)  Chemical,  Zinc  bums  in  air  with  a  greenish- white  flame,  zincio 
oxide  (ZnO)  **  nil  alburn,*^  or  philosoffhtr'' s  wool  being  formed*  The 
metal  rapidly  tarnishes  in  moist  air,  the  zincic  oxide  formed  protecting 
the  metal  underneath  from  further  change.  Cold  water  has  no  action 
upon  it,  but  the  metal  decomposes  steam  (Zn  4-  Il^O=ZiiO  +  HjJ.  The 
haloid  elements,  in  the  presence  of  moisture,  act  freely  upon  it     AH 

e  acids  attack  it  at  ordinary  temperatures*     Solutions  of  the  cauatio 
es  act  readily  upon  it,  evolving  hydrogen,  zincic  oxide,  which 
ii  soluble   in   the   alkaline    solutioUj    beiog    formed  (Zn4-2KnO= 
ZnO^K^O-hH^), 

Zinc  is  a  powerful  base ;  placed  in  many  metallic  solutionSi  it  pre* 
cipitates  the  metals,  and  in  their  stead  is  itself  dissolved. 

Hydrogen  is  commonly  prepared  by  the  action  of  dilute  sulphuric 
acid  on  zinc.  J£  pure  zinc  be  used  for  this  purpose,  the  evolution  of 
hydrogen  soon  ceases,  from  the  metal  becoming  covered  with  hydrogen 
globules.  If  a  piece  of  copper  be  now  introduced  into  the  mixturOi 
the  copper  (which  is  electro-negative  towards  the  zinc)  attracts  the 
eleetro-positive  hydrogen,  and  thus  effects  a  continuous  liberation  of 
the  gas. 

Uses.— Zinc  is  employed  in  building  operations,  as  a  substitute  for 

lead,  its  advantage  being  its  comparative  lightness.     Although  not 

malleable  at  common  temperature,  it  is  perfectly  malleable  at  212^F. 

(100*^  C).      Qalvanized  iron  consists  of  iron  coated  with  zinc,  whereby 

we  obtain  the  strength  of  the  iron,  which  is  much  greater  than  that 

of  Eine,  together  with  the  preservative  action  of  the  zinc,  any  ZnO 

formed,  itsolf  acting  as  a  protective  varnish.     It  is  prepared  by  dip* 

ping  W«afi  iron  into  melted  zinc  covered  with  sal-ammoniao.     By  this 

means  the  surface  of  the  melted  zinc  is  kept  free  from  oxidation^  zino 

.oxide  being  soluble  in  NH^Cl.     If  this  were  not  done  the  zincic  oxide 

Mdhering  to  the  iron  plate  in  the  act  of  dipping  would  prevent  ita 

becoming   uniformly   coated.      Zinc  forms    an  alloy  with  iron  and 

mgpeT  (brass),  which  alloyj  with  nickel,  constitutes  German  silver. 
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Compounds  of  Zinc 


SALTS. 


Formola 
(CoiutQOD). 


Formula 
(ConatiliitriQaal) . 


1.  Ziooic  oxide « . 


12. 

16. 
I  6. 


tiTdratod  oxide., 
chloride  . . 
sulphide  fblendej 
sulphate  (while  1 
vitriol)  . ,  ) 
carbonate . , 


ZnO 
ZnH.0, 

ZnCL 
ZdS 

ZnS0^,7H,0 

ZnCO, 


ZnO 

ZnHo, 

ZnCl, 

ZzlS 

SOHo^Zno'',0OH, 

CUZno'' 


SI 

99 

136 

161 
125 


&6I2 

2*753 

4*1 


4^ 


|2nD=iWl 


(L)  Zincic  Oxide  (ZnO^Sl)  is  prepared  by  burning  zinc  in 
It  ifi  employed  oa  a  pigment  (zinc-white)  in  the  place  of  white  lea' 
its  advantage  being  that  it  is  not  blackened  by  fiulphuretted  hydrog 
and  that  its  use  does  not  affect  the  health  of  workpeople ;  whilst  its 
disadvantage  is,  that  it  more  easily  peels  off  on  aooount  of  its  not  coi 
bining  chemically  like  oxide  of  lead  with  the  oil.     When  heated 
white  oxide  turns  yellow,  but  it  beoomes  white  again  as  it  cools* 
is  soluble  in  acifis. 

(2.)  The  Hydrated  Oxide  (Zultfl^)  ia  obtained  by  acting  on 
solutions  of  zinc  salts  with  potassic  hydrate  (ZnS04-h2KnO 
=ZnH^Ojj  +  K,2804),  the  precipitate  being  soluble  in  excess  of  On 
precipitant. 

(3.)  Zincic  Chloride  (ZnCl^)  is  prepared  either  by  dissolving 
Sn  hydrochloric  acid,  or  by  heating  the  metal  in  chlorine.     By  evu] 
rating  the  solution,  the  chloride  may  be  obtained  as  a  white,   d 
queecent,  fusiblei  corrosive  solid.    It  is  freely  soluble  in  water  and  ii 
akuhoL     It  absorbs  ammonia  gas  &eely.     It  distils  at  a  red  heat.     It 
forms,  with  zincic  oxide,  a  number  of  oxy -chlorides. 

The  solution  (known  as  Burnett's  DUinfectinQ  Fluid)  is  a  powerfi 
antiseptic  and  deodorizer,  from  its  capability  of  absorbing  the  offensi 
products  of  putrefaction.  With  the  alkaline  chlorides  it  forms  doub 
ealts,  the  iLindc  ammomc  chloride  (2n4NCl,ZiiCU)  being  used  as  a  fli 
in  soldering,  to  remove  the  film  of  oxide  fi^m  the  surface  of  mel 
such  as  zinc,  iron  or  copper, 

(4.)  Zincic  Sulphide  (^nS=97)  occurs  native  as  blende,   oith^ 
in   masses,   or  in  dark-colored  crystals  (rhombic    dodecuhedra). 
may  be  obtained  as  a  ivhite  hrfdrated  mttphide  by  the  action  of  hvdrl 
ammonic  sulphide  on  a  solution  of  a  zinc  salt. 

(5.)  Zincic  Sulphate  {^hite  vitnol,  Zn  80^,711.0). 

Preparatiou. — lij  roasting  zincic  sulphide  ot  a  low  funperature,     [Tf 
roasted  cu  a  high  Uviperature  an  oxide  would  be  formed.]     Thti  mii^^  i< 
then  dissolved  in  water  and  cxy^taUised.   It  is  also  found  ae  a 
In  the  common  process  of  prepa™g\v>f^TO%^u. 


!&■ 


.  re^^^J 


CO0ulXT« 


ties,— ~ A  white,  crystallm©  (four* sided  prisms)^  efflorescent  ealt, 
►luble  in  water  (1  in  25  aq.  at  60^  F.,  and  1  In  1  at  212^  F.).  When 
heated  it  melts  in  its  own  water  of  crystalliaation.  At  212'^  F.  it  givea 
^^^  ^^J}f  and  at  400*^  F.  it  becomes  anhydrous.  With  potaasic  and 
^KmrnoDic  flidpbates  it  forms  double  salts,  such  as  Zn  1^(804)^., 6 H^O, 
^^Hiese  saltd  being  isomorpbous  with  the  corresponding  magnesium  salta. 
^V  White  vitriol  is  used  in  calico  printing,  and  in  medicine  as  an  emetic. 
(6.)  Zincic  Carbonate  {ZnCOj=125)  is  found  native  as  calamine, 
00  called  from  its  tendency  to  form  reed-like  masses.  The  body 
termed  **  electric  calamine  "  is  a  silicate. 
I  When  a  soluble  carbonate  is  added  to  a  solution  of  a  zinc  salt,  a 
^^^raUd  iindc  ozt/carkmate  is  formed  (SZnOjSCO^ieH^O),  which  is 
^Koluble  in  ammonic  carbonate,  but  not  in  the  carbonates  of  soda  or 
^^potash. 

Tc^U.^^Sei  Analytical  Tables,) 
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COBALT  (Co"). 

E*      ic  weight,  59.    Specific  graviVj,  8 '95,    Atomicity  iyady  as  in  cobuU^us 
compounds  (Co"0;  Co'^SO^),  and  tetrad  (aWwugh  apparently  triad) 
rCo=cis 
m  ccbaltic  compounds  <    I  =f 

I  CoECI, 
istory. — Since  the  sixteenth  century,  roasted  cobalt  ores  have 
used  for  producing  a  blue  glass.     The  metal  was  discovered  by 
dt(l73n). 
Natural  History* — It  is  never  met  with  in  a  free  state  in  nature, 
^bxcept  in  meteoric  iron.   It  occurs  as  an  arsenide  as  **tiu  white  cobalt** 
^B(CoA82)j  and  as  an  anenio- sulphide  in  cobalt  glance  (CoAsS)»     Its  ores 
commonly  contain  niekel,  copper,  iron,  manganese,  etc. 
Pireparation,— By  heating  cobaltic  oxalate  (CoC^jOj). 
Properties.^ — (aO    Physical      A   white,   hard   metal,   ductile   and 
magnetic     It  is  very  infusible,  and  possesses  great  tenacity, 

(/I.)  CkcmicaL -'J.i  oxidises  by  exposure  to  air.     The  mineral  acids 

on  it  freely. 
(L)  Cobaltous  Oliii^,— Protoxide  of  Cobalt  (Co^O). 
Preparation^ — The  hydrate   (CoH^Og)   is  formed    by  precipitating 
obaltouB  sulphate  with  sodic  carbonate.  If  the  precipitate  be  ignited, 
leaves  cobaltous  oxide  (CoO). 

Properties. — A   brown  colored  body,  becoming  the  black  cobaltic 

le  (CojO^)  when  first  heated,    but  is  reconverted  into  cobaltous 

by  a  greater  heat.     It  is  soluble  in  acids,  the  solution  being 

'  when  concentrated,  and  pink  when  dilute.     It  is  used  for  paint- 

•  on  porcelain*     '*  Thcnard^s  blue  "   is  a  compound  of  cobalt  with 

**Zaffre*^   is  a  rousted    mixture  of  cobalt  ore  and  sand. 

^  Hinman^s  ^een*^  is  a  compound  of  the  oxides  of  cobtdl  ani  za^c^^l 

^JSmalt  '*  is  powdered  gUd&  colored  by  oxide  of  cobalt  (see  -gag^  ^^S^, 


Compoiuidi  of  Cobftlt. 
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I.  GoImUom  odd*  (pntoDde) 

OnHA 

Co  U 

0 
OoO 

75 
93 

16« 

C«ACa/>, 

fSS*^- 

241 

1 

il.  Cobdtie  csUoiiiie      ..     .. 

CSoCL 

OoCI, 
Cos 

Cos, 

180 
831 

4^ 

85-8 

8.    Solpbida  |  aetqnif^piUidb 

Go8 

91 
123 

04*8 

to.  Cottaltous  BtilphAto    ..     .. 

Oo'SO^TH/) 

BOHo,Coo^60H, 

1^ 

8*531 

11,  ColAltoiu  mttnte      , .     . . 

Ca2XOy6H,0 

IJgjCoo'eOH, 

183 

1*83 

a8<9 

is,  C<>b«lt0ifii  Gar!ioti«$«s. . 

6CoO.2C0,4H,0 
4CoO,2CO-aH,0 

(3.)  Cobalt ic  Olide,  or  se^quioxide  of  cobalt  (Co^O^). 

Preparation, — (Lj  As  a  hydrate  (Co^O,,  3H^0).  By  passing  cMorbie 
through  water  In  which  hydrated  cobaltous  oxide  is  suspended 
(SOoH^Os +Cle=Co2Hg06  +  CoCI^.  ^ 

(2,)  Anhydrous. — By  igntting  the  hydrate  at  a  gentle  heat.  f 

Properties. — A  black,  insoluble  substance.     At  a  high  temperature 
it  becomes   (CoO,Cog0.i).     It   is   a  feeble  base,  the   acid  solutioD 
gradually  becoming  salts  of  the  protoxide, 

(5.)  Cobaltous  CUoride  (CoCl^y 

Preparation. — {  L)  By  passing  ckloriue  over  the  metal. 

(2.)  By  dissolving  the  oxide  in  hydrochloric  acid. 

Properties.- — The  anhydrous  cobaltous  chloride  is  hhi£t  and  thi 
hydrate  OoC]fi,6n„0  is  nd.  The  ''  blue  stfmpathetic  ink  ^*  is  a  dilute 
solution  of  this  salt,  the  change  of  color  depending  on  different  degrees 
of  hydration.  The  addition  of  traces  of  zinc,  iron  or  copper  chlorides, 
varies  the  tints  produced. 

(6*)  Cobaltic  Chloride  (Oo^Cl^)  is  prepared  by  saturating  CoCl^ 
with  clilariue. 

(11.)  Cobaltous  Nitrate  (Co2NO:j,6HsO).  M 

Preparation.^By  disBolving  the  oxide  in  nitric  acid,  ^ 

/*ropfrtiei, — It  is  used  us  a  blow -pipe  reagent.     When  a  tine  cota» 
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^^Hhd  is  moistened  with  it  and  lieated  it  turns  green,  a  magneshtm 
I      oonxpouud  turnings  pink,  and  an  aluminium  compound  blue. 

By  treating  coboltous  salts  proterted  from  the  air  with  ammonia, 
crystalli^able  rose-coloured  compounds  {ammoniO'Cohdlious  salts)  are 
formed,  aa»  e.  g,^  (CuCl.^jGNlla, 311^0).  If  this  mixture  be  ixpc$$d  to 
thi  air  the  solution  absorbs  oxygen,  and  brown  compounds  (p€r oxidized 
'  amfmnia-cobaU  salts)  of  a  very  complex  nature  result,  consisting  of 
ammonia  and  various  oxides  of  cobalt. 

I     Tests  far  Cohait.^{See  A^AiYTiCAi-  Tables.) 
NICKEL  {Wy  I 

iamic  weighi^  59.  Speafic  gravity ,  8*7,  Atomicity  dyad,  as  in  nickelo^tg 
ctm^Kmnds  (NiClij;,  and  tatrad  {although  apparmtly  triad)  in  nichlic 
compounds,  as  Ni^Oj* 

History. — Discovered  by  Cronatedt  (1751),  ^ 

Hatnral  History. — It  is  found  as  an  arstnide,   as    Icupferniclcel 
^^KLls)  and  arsenical  nickel  (NiA^j) ;  itnd  also  as  an  arsenio- sulphide 
^Ka  grey  nickel   ore   or   nickel    glance    (NiAsj^NiSg)*      It  occurs   in 
^Vtoieteorites.     It  is  always  associated  in  nature  with  cobalt. 
^      FreparatioB* — (l*)  By  roasting  cobalt  ore»  an  oxide  of  cobalt  is 
formed.    When  this  is  fused  with  quartz  and  potassic  silicate,  it  forma 
a  blue  glass  (smalt)^  consisting  of  a  mixture  of  the  silicates  of  cobalt 
and  potash.     The  fused  metallic  residue  which  collects  at  the  bottom 
of  the  crucible^  constitutes  **  speias,^^  a  mixture  of  the  sulphides  and 
ar«enidea  of  nickel,  iron,  and  copper.     Erom  this   residue  metallio 
mckel  is  obtained. 

(2.)  By  igniting  the  oxalate* 

Pi^operties*^ — i^-)    Physicai.    A  hard,  silvery- white  metal^  ductile 
aad  malleable,  more  fusible  but  of  ^eater  tenacity  than  iron*     It  ie 
flomewhat  magnetic,    a  property  it   loses  when  heated   to   626^  F. 
^030*'  C.)*     Specilic  gravity,  8-8. 

^B     f/i)  ChemieaL    It   oxidizes  when  heated  in   air.      Nitric  acid  dia- 

^■*olves  it  readily,  and  hydrochloric  and  dilute  sulphuric  acids  slowly, 

hydrogen  being  evolved.     It  is  acted  on  by  chlorine  and  bromine. 

ITsefi* — For  rendering  brass  (an  alloy  of  copper  and  zinc)  white 
^German  fiher^  parkfotig^  tutenag)^ 
a,  2  )  Nickelons  O^ide,— Protoxide  of  Nickel  (NiO). 
Preparation, — (1.)  {Ardtydt^otts).  By  the  ignition  of  the  nitrate  or  car- 
I      Ixmate. 

^K     (2.)  As  a  hydrate  (NiH^jOg),     By  adding  potassic  hydrate  to  a  solu- 
^■tion  of  nickel  salts. 

Properties. — The  hydrate,  as  well  as  its  solution  in  acids,  ia  green. 
It  is  soluble  in  ammonia  and  in  amnaonio  chloride,  but  ia  inWluYA^  m 
lagdic  and  potassic  hydrates. 
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Compoonds  of  Nickel 


SALTS. 


1.  Nitk<»loua  oxide  (protoxide) 

2.  Hydrated  nickeloua  oxide. , 

Sesquioride  of  nickel 
4.  Nickeloiu  cliloride     . , 

6.  >  Sill  phi  dea  |  protosulphide 

7.  I  '  diaittptiide    *. 

8.  Ktckeluofi  sidphnle    * , 

9.  Nickeloua  nitrate 

10,  Nickelous  carbonate  * . 


Ordmary 
For  mult. 


NiO 

Ni,0, 
NiCL 

XiS 

NiS. 


mo 

NiHo, 
(NiO 
0 

{  NiO 
NiCIa 
'Ni'S 
NiS 

Ni'^S, 


Ni2NO,6n,0  I  JJ[J»Nio'\6H^O 
NiCO,       '         -^^ 


C'ONio^ 


(3,)  The  Sesqiiioxide  of  Nickel  (NiyO^)  forms  no  salts  with  acidn 
It  is  decomposed  by  heat. 

(6,)  Protosulpilide  of  Nickel  (NiS)  occurs  native  as  ''millerite' 
Or  **  capillary  pyrites/'  and  in  precipitated  as  a  hydrate  by  the  actio 
of  an  alkaline  sulphide  on  a  salt  of  nickel. 

(8.)   Nickelous  Sulphate  (NiS0^7H«0). 

preparation, — ^By  dissolving  the  metal,  or  NiO|  or  NiCO^i  in  SU 
phuric  acid, 

Propertits. — A  gr^en  crystalline  salt  (rhombic  prisms),  soluble 
water  (1  in  3  aq.  at  60°  F.),  and  insoluble  in  alcohol.     It  forms  doabll 
salts  with  potas&ic  and  ammonic  sulphates,  which  are  isomorphon 
with  the  corresponding  magnestuin  salts — 

Tula. — {Stt  Anai^ttioal  Tabuss). 

UEANIUM  (U). 

Atomic  weighty  240.     Atomiaty^  tetrad  in   Uraiwus  compounds  {us  UQ«1 
UCI4),  and  hexad  in  Uramc  compounds  {as  tJOj). 

History* — Discovered  by  Klaproth. 

Natural  History. — It  occurs  as  an  oxide  (pitchblende,  U0,17((1 
with  Cu,  Pb»  Fe,  A«,  etc.)^  and  as  el  phosphatf  (uranite  and  chalo^ 

Preparation. — Bj^  decomposing  the  chloride  with  metallic 
or  potassium. 
PropertiBB, — A  greyUK  met«i.  It  v%  not  oxidised  by  tor  or  by  ^ 
at  common  temperatures,  \)Ut  bums  iu  «ai  ^\i«a\i&^Vi4.  Hia  soiubl^ 
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in  lulphuric  and  in  hydrocliloric  acids.   It  csombines  energetically  with 
sulphur  and  chlorine. 

ITges, — In  enamel  paintingi  and  for  coloring  glass  for  optical  and 
diactrical  pnrpoees. 

Compounds  of  Uranium. 


SALTS. 

Ordinary 

ConstitutioDal 

Molecular 

li 

Formula . 

Formula.       , 

Weight 

H 

I.    CrsnouB  oxide  (protoxide  \ 

uo. 

VO 

266 

2,    Ufttnic  oxide  (sefiquioxide) 

or  Tiiaiiyl  oxide  . .      , . 

uo 

xr,o, 

288 

3.                          /  suboxide  , . 

628 

i.    Otlier  oxides  ^  black  oxide 

6\                            green  oxide 

7-81 

(.    Unmoua   chloride  (proto- 

chloride)       

TTCl. 

7.     Fmnium  oxychloride 

ITO,CL 

B.     TJr&nic  nitrate 

U0,(NU,),6H,0 

1 

I 


k 


Uranium  forma  two  classes  of  compoiands  —  uraiums  and  uranic 
«alta,  TJranio  oxide  can  act  both  as  base  and  acid,  forming  in  the 
latter  case  the  compounds  called  uranates,  wbieh  ka?e  the  general 
composition  M'^O^^UOs. 

BeACTIOKB   of  URAHnTM   CoMFOtTITDfl. 

To  the  borax  bead  uranium  imparts  a  yellow  color  in  the  oxidizing 
£ame,  and  a  green  color  in  the  reducing  flame. 

Solution, — -(A.)    Uranav.^  Compounds  (generally  green), 

(1.)  Alhtlie^^  a  gelatinous  brown  ppt,  (UOg^H^jO),  becoming,  after  a 
lime  yellow  (UO^), 

(2.)    Ammonic  Sulphide,  a  black  ppt  (uranous  sulphide)* 

(B.)    Uranic  Compounds  (yeUow). 

(L)  Ammonia,  a  yellow  ppt.  of  ammonic  uranate, 

(2.)  Ammonic  S^dpkide,  a  yellowish  browo  ppt. 

To  detect  uranium  in  a  mineral,  dissolve  the  mineral  in  nitric  acid, 
dilute  with  water,  boil  with  an  excess  of  sodic  carbonate,  filter,  and 
pndpitat^  the  U^Os  with  potassic  hydrate. 

INDIUM  (In"). 
AUmic  weight,  113-4.     Specific  gravity,  7-4.     Fmts  ai  349°  P.  (1 76*"  0,)* 
Atomicity  ("'),  triad  as  in  InOly 

History. — Uiscovered  by  Eeich  and  Eicbter  in  the  Freiberg  zinc 
blende  (1863)  by  its  peculiar  spectrum,  viis.,  the  occurrence  of  two 
bright  lines  in  the  blue  and  indigo. 

Natural  History. — Indium  is  found  in  zinc  blende  and  in  other 
line  ores,  and  also  in  the  flue  dust  of  zinc  furnaces, 

ExtractioiL'^The  blende  is  first  acted  upon  with  a  quantity  of 
dilute  sulphuric  acid,  insuflicient  to  effect  its  complete  solution.     The 

z 
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^H       tmdiseolTed  residae  is  then  dis«olTed  In  nitric  acid,  and  the  lead 
^M       and  cadmium   precipitated   from  the  solution   by  snlphuretted   hy- 
^m       drogen.     Aftar  filteriag  and  boiling   (to   expel  the  HgS)  baric  car- 
^m        bonate  is  added  to  the  filtrate,  when  the  indie  oxide  (IneOj)  is  preci- 
^m        pitated.    This  is  dissolved  in  hydrochloric  acid,  and  an  excess  of  am- 
^m        mouia  added.     The  white  hydrated  oxide  (In^H^Og)  is  thus  throwii_ 
^H        down,  and  may  be  reduced  by  heaiing  in  a  stream  of  hydrogen.           H 
^m            Properties-— In^liura  is  a  white  or  lead-like  metal,  non-crystalline^ 
^m        Bohf  and  ductile.     It  is  less  volatile  than  zinc  or  cadmium.     It  bums  aM 
^m         a  red  heat  with  a  violet  flame,  forming  the  yellow  indie  oxide  (Inj^O^^, 
^H        but  it  does  not  uxidize  readily  below   a  red  heat.     It  dissolves  iilH 
H         acids.                                                                                                              ^ 
^m             Sulphuretted  hydrogen  precipitates  in  neutral  solutions,  or  in  solu- 
^B         tions  containing  acetic  arid,  a  yellow-coloured  mlpkide  (I%SJ<     Thft^ 
^H        alkalies  and  their  carbonates  give  white  precipitates.                              ■ 

™                                      Compounds  of  Indium.                               ^ 

H                        8ALT3. 

Gommon 
Formula. 

Constitutional 
Formula, 

^H          Indie  oxide  (jeliow  oxide) 

^H          Indie  cliloride   . .      . «     . . 

^H                [BrotnidG  ta.d,  iodide 
^H              analogous  to  DMoride]. 

^H          Indie  9ulp1iide  .  * 

^1          Indio  iulphate 

^H          Indio  sulphite 

lap, 
In.Cl, 

InaeNO.OHjO. 

1          (IJl^ 
0 
(inO 
1  InCl, 
ilnCl, 

(InS 
(inS 

274-8 

4398 

322-8 

598-8 
514*8 
741-6 

1 

^H                                               Reactions  of  Indium  Compounds,                                    ^ 
^m             1.  The  metal  is  precipitated  irom    the   solution  of  a  salt,  by  thfl 
^H          action  of  metallic  dm  or  cadmium.     The  peculiar  epectrtmi  of  indiuflfl 
^m          has  been  referred  to.                                                                                     B 
^m             2*  Boil  with  an  excess  of  acid  iodic  sulphite;  a  precipitate  is  formeH 
H          of  sulphite  of  indium  (2ln^03,3SOp,8KeO).                                               W 
^m              3.  Suiplmretted  hjdrogen;   a  yellow  precipitate  (In.jSa)  in  neutraj 
^H          solutions,  or  in  sol ti tions  containiDg  acetic  acid.                                        1 
^H               4.  Alkaline  hf/dnttas  and  car  bona  ks  ;  a  white  precipitate  (It5^^H50Ji 
^M         soluble  in  excess  of  ammonic  carbonate,  or  of  the  &xed  aXkaiine  hjl 
^m         drates.                                                                                                        1 
^m             5*  Heated  on  charcoal^  a  ductile  metallic  bead  of  the  metal  may  bl 
^B        obtained,                                                                                                    i 

CHAPTER  XV. 
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Gbouf  IV.— the  metals  OF  THE  EARTHS* 

IBON  AND  CHROMIUM. 

vmiVH  (Ar' =  27*5)— GtrciNrK  (G"  =  9-5)— Trraiuii  (Y"  =  61*7)— ERBtuM 

(Bf*  =  U2'6)  —  CiRii  M   (Ce'',=  92}  —  Lanthaxum  (W  =  92)  —  DiotmcM 

(Di"  =  96)— TuoBiTti'M  (Th''^  238)^ZrRc'oyiuM  (ZH*  =  89-5). 

IlOX  vid  iti  Coinpoutid» — Cuhomu  m  and  iU  Cum  pounds. 

ALUMINIUM  CAl-27-6), 

Specijie  gramttft  26.     Fn^es  at  842''  E,  (450°  C).    Atomcity  Uirad,  and 
alto  piemlo-triad. 

History. — Discovered  by  Wobler,  1828. 

Natural  History. — ^Next  to  silica,  alummium,  as  clay  (siticaU  oj 
4ilmmina)f  id  the  moat  abundant  of  minerals.     It  haa  been  found  in 
irtain  cryptogamous  plants,  but  practically  it  can  scarcely  be  re- 
arded  as  a  constituent  eitkor  of  aaimala  or  Tegetables. 
PreparatiOE. — (l-)    ^y  decomposing   aluminic   chloride   (AlgCl^) 
■witk  sudium  or  potassium  (Wohlor). 

(2.)  By  the  decii-oJifsU  of  the  double  chloride  of  sodium  and  alii- 

am  (2NaCl,  Al^Cl^). 
(3.)  <  CooomerciaL)  By  heating  bauxite  (a  mineral  containing  60  per 
ceat  of  Al^O^)  with  soda  ash,  whereby  an  aluminate  of  eoda  is  pro- 
duced (aNa^O^AlgOj).  On  adding  HCl  to  tbo  solution  of  this  com- 
pottad,  alomina  is  precipitated  as  a  hydrate  (AlaO^,;3HgO).  This  pre- 
cipitate is  BOW  mixed  with  c*ommon  salt  and  carbon,  and  chlorine 
paired  over  the  lieated  mLxture,  a  sodic  aluminio  chloride  distilling 
^er  (SNaCljAl^Cl^).  This  compound  is  then  heated  with  metalHc 
lodium,  when  metallic  aluminium  and  aodic  chloride  are  formed. 

PtOpertieSt — («•)    FhjsivaL      A   white   malleable    ductile    metal, 
«7fttallizing  in  regular  octahedra.      It  conducts  electricity  with  about 
|im^  third  the  power  of  silver.     It  is  a  very  light  metal  (2*5  Sp.  Gr.), 
larkably  sonorous,  and  slightly  magnetic.    It  melts  when  heated^ 
it  is  not  volatile. 

(/J )  Chmu'caL  It  does  not  oxidise  readily  either  in  steam  or  in 
it  or  cold  air,  it  being  the  lightest  metal  known  ditHeuit  of  oxidation, 
httmfl  in  oxygen  (forming  At ^^O^),  and  in  tlie  vapor  of  sulphur  (forming 
1,8^.  Sulphuretted  hydrogen  is  without  action  upon  it ;  hence  its 
,09  for  ornaments.  Nitric  acid  does  not  attack  it  when  cold,  and 
Tery  slightly  even  when  boiling.  Hydrochloric  acid,  cold  or  hot, 
dtttolvas  it  freely  (Al^-h^nCl^^AlaCl^+aHg).  Alkalies  act  enexgeW^ 
mOj  upon  it,  liberating  hydrogen.   It  comhin^^  with  carbon  and  w\l\i 
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«aica  It  forms  alloys  with  saver,  iron  and  copper  (alamiaium 
bToDze),  but  neither  alloys  iUelf  with  lead,  aorform.  au  amalgam 
Willi  mercury. 


Compounds  of  Aluminium* 


Alutmnic  c^oiido. 
.,        In-omide 


L 

ff 

iodide.,. 

L 

>i 

fluoride  . 

'• 

M 

tolpliide , 

7. 

Tnaodio  sluminiite 

8. 

Aluttkiiuo  iu)p>liiit6 , 

r,  Pot!i«»if  ubim^nio 
fttU[>hiit«  (alum} 

H  (1.)  Aluminic  O^de,— Alumina  (Al^Oj).      This  ia  the  only  oxide 

^^^Mtf  nlumiuium.  It  occurs  native  as  **  corundum**  (tbe  next  hardest 
^^^fbody  to  diamond),  as  **  emery,"  as  the  **  ruby  *'  and' **  sapphire  ** 
^m  (colored  with  a  chromium  salt),  as  the  **  spinelle  "  (HgO»  Alj^Oj),  and 
^^^_^tho  **  topaz '*  (a  compound  of  alumina,  silica,  and  aluminic  fluoride),^ 
^^HJ)iW/)or«  (AlsOjHgO)  and  GMsire  (AlgOs^.^H^O)  are  native  hydrates. 
^^H^  Preparatwn. — (I.)  (Ab  a  hydrate,  Mj:}^,^Kfi)  By  adding  ammou 
^^^Vto  ^^  ti\y^TEi  solution. 

^K  ^^,)  (Anhydrous.)  By  the  ignition  of  pure  ammonia  alum. 

^V  prcprrtiei. — The  hydrate  ( Al^HgOg)  when  first  precipitated  is  a  bu 

^m       Arf^^^V^^'^^^    gelatinous    precipitate,     contracting    as    it    dries    to 
0ii«y  hypwscopio  mass      This  mass  when  ignited  loses  its  wate 
/T    1   nbsorhs  a  large  quantity  of  heat,  on  account  of  which  property  i 
Hf'       i»tl  i'or  the  pur|>ose  of  filling  the  spaces  between  the  iron  plates  c 
ig   ^  ^r*^^^^  safes,     B^fort  being  dried  the  hydrate  is  very  soluble  bot_ 
v^^-'^^limehlorio  add  and  in  potassic  hydrate  solutions;  but  after  dry- 
,  g^  1^  ^^    10  almost  insoluble  in  either  the  one  or  the  other.     It  fuses  bj 
^^  K^^^  y*^,rnung  a  oolorlesa  transparent  mass, 
f  4     ^^  %X^^  ^*  capable  ot  toting  both  as  a  base  and  as  an  acid. 


in 


Thi 


ALUMIKHTM, 


deliquescent  body,  emitting 
It  is  soluble  m  aloohol^  and 
It  melta  and  sublimeB  when 


w  a  h€Ui  it  fonna  salts  with  acids,  such  as  alamioic  sulphate,  all  of 
■rliiGh  salts  have  an  acid  reacftoD,  and  are  easily  decomposed.  As  aa 
metd  it  combines  with  basic  oxides,  forming  a  class  of  salts  known  as 
khe  aluminates.  Thus  the  spinelU  ruby  is  a  magnesia  alumiaate 
PPTgOjAlsOj),  jfakniti  a  gincic  aluminate  (ZnO,AlgOj).  A  potassio 
alumiDate  has  also  been  obtained  (KgO.AIjOi). 

Alumina  combines  with  silica  to  form  clay,  ' 

■  Alumioic  hydrate  combines  with  certain  organic  coloring  matters, 
pbrming  a  class  of  pigments  called  "  lakes/*  Thus  alum  is  used  as  a 
miordant  to  fix  coloriug  matters  on  calico, 

I    (2J— AlominiC  Chloride."(Al2C]6).  Specific  gravity  of  vapor,  9-27. 
I     Prtparaiion. — (1.)  By  passing  chlorine  over  a  mixture  of  carbon  and 
Uumina  heated  to  redness  (Al203  +  C3+3Cl^j=A]gCl6+3CO), 
I    (2.)  By  heating  clay  in  a  mixture  of  hydrochloric  acid  gas  and  the 
^apor  of  carbonic  disulphide. 

[NoTK. — Aluminic  cliloride  cannot  be  prepared  by  dissolving  AljO., 
Jji  HCl  and  evaporating.  A  hydrate  of  alumiaic  chloride  is  formed 
■b  solution  (AIXl^,  125^0)^  but  this  on  e7aporation  evolves  HOI, 
leaving  Al^Oj.] 

■  Praperties.^A    yellow,     crystalline^ 
feumes  of  HCl  when  exposed  to  the  air. 
nifi^olves  with  a  hissing  noise  in  water. 
Bleated,     It  combines  with  ammonia,  with  phoaphoretted  hjdrogen, 

and  with  sulphuretted  hydrogen, 

**  Cftiorahitn  '*  is  an  impure  aluminic  ehloride. 

(5.)— Almninic  Fluoride.— (AlgF^)  is  found  native  as  cryoliU 
(6NaF,AI..F6),  and  as  topaz  '2{h.Uy^M0^),k\0S\'F\). 
i  (a)— Aluminic  Sldphate.—(AL3S0^,  1811,0)  may  be  obtained  by 
^■pisaolving  alumina  in  sulphuric  acid*  It  is  prepared  couimeicially 
^ny  h<»ating  clay  with  sulphuric  acid.  The  clear  solution,  after  being 
^Hbst  6«ed  from  iron  by  potassic  ferrocj  anide,  and  afterwards  eva- 
porated to  a  syrup,  is  known  to  the  dyers  as  ^^concentrated  ulum^^^ 
or  when  reduced  to  the  solid  state  as  '*  cake  alum,-*  The  crystals 
aze  exceedingly  soluble. 
(9.)— Potassic  Aluminic  Sulphate-— ^/^^^  (KgAlB4S04.24H^O), 

teAatrlrai  I[tf<torij, — Foutid  native  in  volcanic  districts,  produced  by 
e  action  of  volcanic  sulphuric  acid  on  the  aluminiuoi  compounds  of 
e  rocks. 

t    Preparation. ^{\^)    (a*)    *'Alum  shale,**   a   compound  of   aluminio 
lleate^   iron   diaulphide,   and    bituminous   matters,  is  first  roasted, 
hereby  one-half  of  the  sulphur  of  the  FeSg  becomes  oxidized.    Thus, 
2Fe3,         +     aO«     =  2FeS  +         2S0,,  | 

F^nie  disulpblde    +    Oxygen  s=  Ferroua  sulphide   4*    Sulpliiiric  nnhydrif!©. 
(/3.)  When  water  is  added  to  the  residue,  the  SO,  becomes  HgSO^ 
hich  immediately  deoompoeee  the  alumioic  silicate  forming  &L>im\mt^ 
ilphata. 
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(y.)  By  exposiiro  to  air  the  ferrous  sulphide  becomes  ferroua 
sulphate, 

(5.)  When  the  ma^s  is  lixiviated,  a  solution  results  (called  crude 
alum  Ijqiioi")^  contaming  alumina  and  ferrous  sulphate,  and  also 
probshly  some  magneslc  sulphate.  ^M 

(f/)  Part  of  the  ferrous  sulphate  is  now  removed  by  crystallization,^ 

(f.)  Potassic  chloride  (in  the  form  of  soap  boilers'  waste,  or  the 
refuse  of  glass  houses  or  of  saltpetre  refineries)  is  now  added  to  the 
solution,  whereby  any  ferrous  sulphate  is  decomposed,  and  a  eolubl 
fenoua  chloride,  together  with  potassic  sulphate,  formed. 


SKCl 
Folassic  chloride 


KjSO^. 


FeSO^         =         FeClj         + 
Ferrous  sulphate  ^   Ferrous  chloride   -f    FoUssic  sulpbat«. 

(rj.)  The  potassic  sulphate  as  soon  as  formed^  combines  with  the 
aluminic  sulphate  to  form  **  potash  a/wm,"  which  being  sparingly 
soluble  in  cold  water  is  deposited  from  the  solution  as  **  alum  meal** 
or  **  alum  flour.*'  This  is  afterwards  washed  with  cold  water  to  re- 
move adherent  iron.     It  is  subsequently  crystallized. 

Very    frequently    amnionic    sulphate    (from    gas  liquor)    is    used 
instead  of  potassic  chloride,  in  which   case  ammonia  ainm  is  formi 
(NHJ,AL480t,24HJl 

If  fiodic  sulphate  be  employed,  mda  alum  is  formed,  Na.jAl24S0424H5 
Thus  we  may  obtain  by  the  employment  of  different  reagents  a  &eri< 
of  alums,  some  of  which  we  have  tabulated  as  follows  : — 

Potash  alum        K^A1^4SO^,24HeO. 

Soda  alum  ,         ...  Na5Al„4S04,24Hc.O. 

Ammonia  alum (H4N).^A1^4SOt,24H^O. 

Iron  alum  KeFe.4S04,24HoO, 

Chrome  ahim       KeCr*4S04,24H20. 

Manganese  alum, „         KjMne4SO,24lI.O* 

Further,  a  silver-alum,  a  crosium-alum,  and  a  thallium-alum  m£ 
be  obtained. 

(2.)  By  burning  **  ahtm  intone,^^     The  alum  thus  prepared  is  kno 
as  **  Roman  alum" 

Properties. — Alum  is  a  white^  crystalline  (octahedra)  astringent 
tasted  body,  soluble  in  water  {I  in  18  aq.,  at  60^  F.,  and  1  in  I  at  212"^ 
P.),  Its  solution  has  an  acid  Teaction,  and  dissolves  iron  and  zinc 
with  the  evolution  of  hydrogen.  When  alum  is  first  heated,  it  melts 
in  its  own  water  of  crystallization.  At  392*^  F.  (200*=^  C)  the  water 
evaporates,  and  the  residue  swells  up  to  a  white  infusible  and  insolub 
mass  called  hnrnt  abtm  (K^A1^4S04).  By  ignition »  some  of  the  acid 
this  alum  may  bo  expelled.  It  is  but  little  aHected  by  exposure 
air.  Homherg*8  pyropfurrud  is  a  mixture  of  alum  and  sugar,  carboniz< 
out  of  contact  with  air. 

Alam  is  largely  used  in  dyeing,  in  the  preparation  of  skinB,  and  in 
medicine. 


I 
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have  in  the  alums  a  marked  illustration  of  iflomorphistUt  that ; 
^^^  bodies  of  different  chemical  composition,  ciystallizing  in  the  same 
^V^^^QU  Pt'tmh  atitm  forma  white  octahodraj  chrcme  alum,  dark  red 
^^P^tahedra  ^  inm  ahtm^  violet  oetahedra,  etc. 

^V  (10 J  AltLminic  Phosphates  are  found  as  natural  minerals,  as^  tf.^., 
turquoise,  which  is  a  hydrated  phosphate,  colored  with  copper  and 
ion  (2A1gO,,PjOjj,5HcO);  wayelUte,  3(4AlA,3rs05.^^H20>,A)^F(sf 
lazulite  (a  double  phosphate,  colored  with  phosphate  of  iron),  etc, 
(UL)  Aluminic  Silicates, — These  are  both  numerous  and  corapll- 
ted*  Their  compiicatiou  arises  from  the  frequent  replacement  of 
IjOj  bj  the  isomorphoua  body,  Fe^Oa,  other  metals  present  being 

arly  exchanged  for  their  isomorphoua  representatives. 
A  few  of  these  silicates  are  stated  in  the  following  table  : — 
~"  Gftroet  (Ca,AJ,Mg,Fe  itnd  Mn) . .   3(CiiMgFeMolO(AlFe)/>,3SiO,. 

Chlorite   (AJ,Mg,  etc.)       ..      .,   4(MgFe)O,tAlFe),O^,2SiUj»3E3,0. 

Bfl*alt(Ca,M^O 4(CtiMgFe)05SiO. 

CTonito,  Dioth^ne        AUOj^SiOji, 

/    Analdme  (\a,AI)        NiC,<JiAWSiO^,2H^O, 

I    SiilUte  (C»i,Al) Ciirj,AlaO,,»jSiOj,GH,0. 

(    Pit^hnite  (Ca,Al) 2CaO,AI^U-„:iSiUjLlaO. 

Potaiili*  Felgpur  (orthooluee)  K, 
Sodium  „  (albite)      Na^ 

Lithium         ,,  (petalite)     L, 

Ciikium         »,      (Labradorite)  Ca 
j    tJnittJtiffll  fMg  and  Al)  [4(MgXFe)0.(AlFe),03,4SiOJ. 

Slo.tt  is  an  aluminic  sUicate  of  varied  composition.     Rcfojing  slate  is 
an  argillaceous  rock;  mica  slate  contmns  mica,  and  KombUmde  slate^ 
hornblende.     Granite  and  gneiss  consist  of  quartz,  felspar  and  mica ; 
rphtfrtf  is  a  felspar,  so  aleio  is  basalt,  the  latter  containing  cxystals  of 
^ugite.    Dolerite^  greenstone f  diorife,  trachi^te,  fnUer^s  earth,  pumice  stone, 
.,  in  a  melted  state,  is  called  volcanic  glass^  or  obsidian,  are  also 
ic  silicates, 
ajm  lazuli  or  native  ultramarine  consists  of  a  feilicate  of  alumina 
ixed  with  lime,  soda,  sulphuric  acid,  sulphur  and  iron.     The  cause 
its  blue  color  is  not  well  understood.     Artificial  ttltt^marine  is  pre- 
yed by  heating  together  a  mixture  of  100  parts  of  kaolin,    100 
sodic  carbonate*  IGO  of  sulphur,  and  12  of  carbon.     A  green  body 
sultry  which,  on  being  further  roasted  with  fresh  sulphur,  forms  a 
iiUant  blue  mass.     Ultramarine  is  bleached  by  acids  and  by  chlo* 
e.     It  is  often  used  as  the  coloring  matter  for  blue  paper,  which 
^Dseqaently  becomes  white  when  dipped  in  an  acid. 
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0,Al,0^6SiOa. 
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Fonnation. — ^The  disintegration  of  granite  rocks  which  consist  of 
aartz,  feldspar  and  mica,  is  both  mechanical  and  chemical.     By  the 
ipn  of  air  and  by  the  expansion  of  the  water  in  t\ie  lock.  ^ivmii^ 
*  /Me/ing  is  «n  Ufdmixtme  of  potaah  and  eoda  fe\Bp»,T. 
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^H         congelation,  it  ia  graduallj  broken  down.     From  this  debrii^  wat«r 
^H         containing  carbonic  acid  dissolves  the  potash,  1                                      ^"fl 
^H          cate  of  altunina.    Tliese  bodies  are  after wartU  iii                          ;          || 
^H         by  water  owing  to  their  difierent  gravilieB,  the  ailicale  of  alumtn^H 
^H         being   comparatively  light     TMb^  when  deposited,    conatiiute«  i;/d^| 
■         (AlA.2Si03,2H,0).                                                                                  ■ 
^H              Composition  of  datf, — This  Taries   considerably,  as  the   followi^^H 
^H         diagram  shows : —                                                                                        ^^k 
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^m                                                                                             From  Miller. 

I^K              Loam  is  a  clay  containing  ferric  oxide,  whilst  fnarl  ia  a  clay  con- 
^H          taining  carbonate  of  lime.      Umber ,  red-hole,  ochre  and  ftUnna^  are  also 
^H          clays  containing  various  iron  and  manganese  oxides. 
^H              Properties*— A  tenacious  mas^,  insoluble  in,  but  capable  of  diffn- 
^H          sion  through  water,  very  plastic,  but  shrink iug  when  dried.     It  haa  a     ' 
^H          characteristic  odor,  and  possesses  great  absorbent  powers.     It  conse- 
^^H          quently  retains  the  ammonia  from  manure  when  placed  on  the  earth^^ 
^H          storing  it  up  for  the  vital  functions  of  the  plant.     It  also  purifii^H 
^H          water   impregnated  with   organic   impurities   when   passed   throug^H 
■          it.  (Way.)                                                                                                         ■ 
^H              Clay  is  decomposed  by  sulphuric  acid  {fee  Preparation  of  Alnm^f 
^H          but  is  very  slowly  acted  upon  either  by  hydrochloric  or  by  nitric  add^H 
^H          After  clay  has  been  ignited^  no  acid,  except  hydrofluoric  acid,  has  tla^^ 
^H          least  action  upon  it.     It  is  slightly  soluble  in  a  solution  of  potass^^ 
^H          hydrate,  but  becomes  very  soluble   in  water  after  its   fusion  with    ^ 
^H         potaasic  hydrate,                                                                                         ^HJ 

^m                                       Porcelain  and  Pottery.                              ^| 

^H             Clay   ia  employed    in   the   manufacture   of  all  kinds  of  potteij^B 
^H          Althou^",^  plastic,  it  shrinlfs  considerably  when  baked.     To   prevea^f 
^H          this  sh*--^  ''ing.  sand,  chalk,  or  bone-ash  is  mixed  with  the  clay,  biil^| 
^H         inasmuch  as  th  %has  a  tendency  to  disintegrate  it,  it  is  necea^ai^H 
^H          afterwards  to  glitl^it  with  some  substance  capable  of  vitri6cation,  ^H 
^V        order  to  cement  the  Wbo\e  t09;e\\\eT  ^vA  form  it  into  a  compact  mai^H 
^K       2  Aiii  ie  the  w Jiolo  priacip\o  oi  tiie  majaMiis^GVox^i  ^^t  ijjtiVVwi .            ^^M 

.IN   AND    POTTERY. 
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(!♦)  Brif:Jc$,  coarse  tiles ,  pipes ^  etc  ,  are  made  from  common  clay, 
©f  wliich  there  are  three  kiuda,  (a.)  marl^  or  chalky  day  *,  used  for 
pale  bricks  ;  (/3,)  potters  clay^  used  for  bricks  and  tiles;  (y,)  fire  clCttft 
which  is  nearly  free  from  lime, 

Proct$$* — The  day  is  dug  up  in  the  autumn,  and  exposed  to  the  air 
(weathered)*  The  stones  present  in  the  clay  are  either  crushed  in  a 
mill  or  are  removed  by  puddling  or  other  means.  Thia  done,  the  clay 
m  mixed  with  sand  and  well  kneaded.  The  mass  is  then  ready  to  b^J 
Jkahiooed  into  shape  by  haud  or  machinery,  the  articles  so  formed' 
being  first  dried  in  the  air^  afterwards  fired  in  kilns,  and  finally 
glazed  with  a  mixture  of  clay  and  litharge,  or  iron  scarf^  etc. 

The  red  color  of  bricks  and  tiles  is  due  to  the  carbonate  of  iron 
present  in  common  clay  becoming  converted  into  peroxide  (Fe^Oj)  by 

e  action  of  atmospheric  oxygen. 

(2.)  Common  earthenware. — One  of  three  kinds  of  day  is  employed 
in  its  manufacture,  vix.,  (a)  IhrseUhire  clay^  (/3)  Be&omhire  clay  (blue 
day),  or  (y)  pipe  clay. 

The  clay  is  first  of  all  cleansed  by  machinery,  and  reduced  to  a 
itate  of  pap.  It  is  then  run  through  fine  sieves.  To  prevent  after- 
eontraction  and  unequal  drying,  it  is  mixed  with  a  pap  of  ground 
flints^  the  mixture  being  called  '*«/?/>"  (I  part  of  flints  to  5  parts  of 
clay).  This  fiiut-pap  is  prepared  by  subjecting  flints  from  the  chalk 
to  an  intense  heat,  suddenly  quenching  them  with  water,  and  finally 
grinding  them  into  a  pap.  The  mixed  mass  of  sand  and  clay  is  now 
cut  into  square  blocks^  and  kept  for  some  months  ia  a  damp  place* 
In  this  way  any  organic  matter  present  becomes  .oxidised,  thus  re- 
ncing  the  sulphates  to  sulphides.     When  required,  the  "slip "is 

eaded  by  beating  it  on  a  board,  so  aa  to  effect  its  perfect  incorpora- 
on,  and  the  removal  of  all  atr  bubbles.     This  kneading  process  in 

gland  is  effected  both  by  machinery  and  by  band  labor.  In  France 
t  is  done  with  mallets;  in  Egypt  by  the  treading  of  men;  and  in 
a  by  the  treading  of  cattle.  The  article,  after  being  roughly 
fashioned  is  partially  dried,  at  a  temperature  varying  from  80*^  to  90** 
&nd  then  further  finished, — handles  attached,  etc.  It  is  afterwards 
©din  kilns,  placed  in  cases  called  "  saggars/ "  when  it  becomes  con- 
certed into  a  porous  earthenware  called  **  biscuit.'*  The  freshly  struck 
pattern,  printed  on  wet  soaped  paper  with  a  mixture  of  some  metallio 
oxide  and  boiled  oil,  is  now  placed  on  the  **  biscuit/'  and  well  rubbed 
with  a  flannel  rubber,  so  that  the  *•  biscuit*'  may  completely  remove 
the  impression  from  the  paper.  As  soon  as  the  design  is  absorbed  by 
the  **biacuit/*  the  paper  is  removed  by  wetting  with  a  sponge. 
The  **  biscuit "  is  now  dipped  into  a  weak  alkaline  lye,  in  order  to 
saponify  the  oil,  and  is  afterwards  glazed  with  some  fusible  material, 
uch  as  a  mixture  of  white  lead,  Cornish  stone,  ground  ilints,  ground 

•  A  mitrl  is  A  clay  containing  a  considerable  quantity  of  calcic  cai'bonftXA.    \t  lix% 
timiiw  Uc  m  excew  it  im  ao  a/uminom  marl,  i£  the  chalk,  a.  eakartom  m«rb 
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l^lass,  chalk  felspar,  allicate  of  alumina  and  potash,  and  borax.      It : 
tLnaHy  baked  or  *'  fired"  in  the  kiln,  whereby  tho  glaze  is  fused. 

The  colors  on  the  earthenware  are  produced  by  rariout  metalUd 
oxides  (aes  page  307),  which  form  a  colored  glass  with  the  glaze,  wl 
the  metallic  lustres  are  produced  by  gold,  platinuTn,  copper,  brass,  etc. 

(3.)  Porrehun  ia  a  iiiior  variety  of  pottery  It  is  of  two  kinds;  (a.) 
The  hard  porcelain,  such  as  is  made  at  Sevres,  Dresden,  etc,,  is  manu- 
factured from  kiwiin^  a  very  pure  white  elay,  obtaiood  from  China, 
Cornwall,  S.  Yrieix  near  Limoges,  etc.,  and  from  vhina  Mone,  which 
consists  of  the  silicates  of  alumina,  potash  and  lime,  Tho  glaze  used 
is  a  mixture  of  felspar  and  quartz,  suspended  in  water  in  which  the 
article  is  dipped,  (^3.)  The  Boft  variety  of  porcelain  as  made  ia 
England  contains  bone  earth.  h 

The   details  of  its  manufacture   are  in  all  respects  similar  to  that™ 
already  described, 

Wedgwood  is  a  fine  descriptian  of  stoneware* 

Salt  (Jkitlmj^  which  is  largely  used  in  the  j>reparation  of  stoneware, 
etc,,  is  effected  hj  throwing  common  salt  into  the  furnace  containing 
the  heated  articles,  previously  dipped  into  a  mixture  of  sand  and 
water.  The  salt  volatilizes,  and  is  decomposed  by  the  sand  on  the 
hot  surface  of  tho  ware.  A  fuRiblo  impervious  silicate  is  thus  formed 
as  a  glaze,  hydrochloric  acid  escaping  as  vapor  with  the  excess  of  sa 
(  H^O  +  2NaCl  +  SiU2= 2  HCl  -f  NsoO,  SiOs). 

Teds.^See  Akai^ytical  Tables.) 

GLUCINXJM.    Beryllium  (0^'=^ 9-5,    Specific  grmifij  2-1 ). 
History  and  Preparations, — Glucinum  is  found  combined  wii 

silica  and  ahimiua  in  the  tmertiid  (♦3GO,Al203,GSi02),  also  in  the  heryl^ 
col  or  ed  w  i  t  h  chro  ni  i  um ,  and  i  n  t  h  e  Jr  A  ryfio  -benj !  ( GO ,  A  LO  j ).    Th  e  metal 
may  be  prepared  by  a  similar  process  to  that  described  in  preparing 
aluminium. 

Prop6rtie8i^ — A  white,  fusible,  malleable  metal.  It  does  not  b 
in  air,  oxygon,  or  in  sulphur,  hut  it  combines  readily  with  chloriu" 
iodine,  and  silicon.  It  does  not  decompose  steam.  It  is  soluble  in 
dilute  sulphuric  and  in  hydrochloric  acids,  but  is  insoluble  in  nitric 
acid.  It  is  dissolved  with  the  evolution  of  hydrogen  by  a  solution  of 
KHO.  It  forms  one  oxide  (GO).  Its  salts  are  colorless,  sweet 
(yXvfcvc);  and  acid  to  litmus, 

YTTRIUM  (Y^Glv) ;  ERBIUM  CEr=:U2-6) 
These  are  rare  metals  found  in  gadolinite.     They  form  th©  o^ 
yttria  (Y0>  and  erbia  (ErG= 128-6),  ~ 
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Cerium  is 
apatite.     Its 
pregnancjr* 


CERIUM  {Ce=92). 
foimd  in  cerite   (a  silicate   of  cerium)  and  in  brown 
oxalate   is  useful  for   the   relief    of   the   sickncBa   of 
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LANTHANUM  (La=90-2). 
Lanthaniim  is  also  found  in  cerite.    It  forms  one  oxide  (LaO), 
which  is  buff-colored. 

DIDYMIUM  (Di=96). 
Didjmium  is  also  found  in  cerite.    It  forms  one  oxide  (DiO). 

THOSINUII  (Th=231-5.  Specific  gravity  7-8). 
Thorinum  was  discoyered  by  Berzelius  (1829)  in  the  mineral 
thorite.  It  is  prepared  by  reducing  the  chloride  with  potassium. 
It  is  a  grey  powder,  incapable  of  decomposing  water,  but  bumiug  in 
air,  forming  ihorina  (ThO.  Specific  gravity =9- 4).  It  is  not  acted 
on  by  the  caustic  alkalies,  but  is  soluble  in  most  acids. 

ZISCONITJM  (Zr=89-6.     Specific  gravity  4*15). 

Zirconium  is  found  in  nature  as  an  oxide  (Zirconia,  ZrO^),  and  also 
combined  with  silicic  acid  in  zircon  and  in  hyacinth  (ZrOsjSiOs). 

PrOP6rti68t — ^Lihe  silicium,  to  which  it  is  closely  allied,  it  exists  in 
three  states — (1.)  an  amorphous  state,  which  bums  when  heated  in 
the  air  below  redness,  forming  zirconia  (ZrO^) ;  (2.)  a  crystalline  state, 
which  requires  the  oxy-hydrogen  heat  to  fire  it ;  and  (3.)  the  graphoidal 
state. 

Zirconium  has  never  been  fused.  It  decomposes  water  slowly  at 
the  boiling  point.  It  is  acted  on  by  hydrofluoric  acid  with  the  evolu- 
tion of  hydrogen,  and  also  by  aqua  regia.  It  is  insoluble  in  dilute 
sulphuric  or  hydrochloric  acids. 

It  forms  one  oxide,  zirconia  (Zr02=121-5.  Specific  gravity  4*5) 
which,  unlike  alumina,  is  insoluble  in  the  caustic  alkalies.  It  is 
soluble  in  potassic  carbonate.  It  acts  both  as  a  base  and  as  an  acid, 
in  the  latter  case  forming  the  compounds  called  zirconates  (as  Na^ 
ZrO,). 

Zirconia  chloride  (ZrCl4=231'5)  and  zirconic  fiuoHde  (ZrF4)  have 
been  prepared. 

IRON  (Fe"=56). 
Atomic  weight,  56.     Specific  gravity,    7*8.     Atomicity  dyad  ("),  as  in 
Ferrous  salts  (Fe"Cl2;  Fe"S04),  and  tetrad  (<^)  in  Ferric  8alts,although 

Feaj 
appanntly  a  triad,  this.    |  =FeoC]/:. 

^^       ^  '  FeClj  *    ^ 

Natural  Hifttory. — Found  native  in  meteorites,  together  with 
Ni,  Co,  Mn^  Cn,  etc.,  and  is  also  found  accompanying  platinum  ores. 
In  etmhinaHon  it  occurs  in  great  abundance  in  numeiouB  oxe^^  b% 
follows:— 
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IroE  Ores. 


Common  Names — Locality. 


Fonnula 
and  Composition. 


Specific 
Gravity 
ofOitJ. 


Magnetic  iron  or©  ;  Loadstone  ;  Iron-«and 

(India)   ., 
B^  luematite  (Cornwall).    {Eed  oehrt  ooq* 

tains  claj) 
Specular  iron  ;   Fer  oligiste ;  Iron  glance 

(Elba,  Euasia,  Sweden) 
Brown  hsBinfitit© ;    Pea  iron   ore ;   yellow 

ochre  (Franue)  . , 
Spathic  iron  (Saiony) 
Clay  ironatone  (Great  Britain^  America]  . . 

Bkck-band  (Scotland) 

Iron  pyrites  . .  . .  . , 

Silic«oua  iroQBtone  (NortliamptoD] 

Bog  iron  ore , . 


Fe,0, 


F.,0, 


2Fe,03.3H,0 

FeCU, 
FeCO,,  with  clay. 
FeCOg^  with  bituminous 
muttera  (20  to  30  p«r 
cent.) 

FeS, 

Fe^Oj  and  FeCO, 

2Fe0^,3H,O,  and  a 

ferric  pbosphute. 


3-9 
2-7  to  3-47 1 


The  following  tabla  from  Bloxatn,  compiled  from  analjaes  give 
in  Percy  ('*  On  Iron  and  Steel,**)  eliows  the  composition  of  most  of  1 
English  iron  ores  : — 


Ironn 

Oxide  of 

PliospTioric 

Bisulphide 

Mnnganeee. 

acid. 

of  iron. 

In  100  parta. 

i| 

Max. 

Min. 

Majc. 

Min. 

Max. 

Mm. 

Max. 

Min. 

Clay  iron  stone  from 

\ 

1 

coal  mea«nrei   . .     43*30 

20-95 

3-30 

0'46 

1-42 

0-07 

1^21 

f  1 

77V 

Claj  iron  stone  &om 

iheLias     ..      .,  '49'17 

17-34 

1-80 

•  * 

6-05 

1-60 

,  ^ 

12 

Brown  heDmatite  . .     63*04 

11-98 

1-60 

trace 

3*17 

♦ . 

0'30 

,  ^ 

23 

Bed  hienmtite       »«     6B^10 

47-47 

M3 

trace 

trace 

trace 

0-06 

.  ^ 

Spathic  ore    .,      ..     49^78 

13-98 

12-64 

vm 

0  22 

Oil  ' 

, , 

'1 

liagnetioore..     ..            57 

■01 

0' 

14 

0^ 

10 

0- 

07 

Frep^ration. — In   England   iron   is   ustially  manufactured   from 
clay  iron-stone.  ^| 

(a. )  The  broken  ore  is  first  roatited  or  cnkinedf  either  in  kilnSj  like  lime-™ 
kilim,  or  in  heaps  exposed  to  tlie  open  air,  whereby  water,  carbonic 
anhydride,  and  some  sulpbur  is  expelled,  and  an  impure  ferric  oxid 
obtained, 

(0.)  This  calcined  ore  is  now  smelted  in  the  blast  furnace. 

The  iron  bluet  furnace  is  a  brick  building,  some  5 C  or  60  feet  higli" 
closed  at  the  battomt  and  open  at  tlie  top  for  the  reception  of  the 
charge.     Air  is  forced  into  the  bottom  of  the  furnace  through  three 
air-pipes  or  htyh^s^  whereby  a  h\^h  temperature  is  maintained. 
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tlie bottom  certain  tap-holes  are  placed,  through  whkh  the  melted  iron 
may  bo  let  out,  aa  well  as  other  holes  to  allow  the  overflow  of  the 
fila^. 

The  furnace  is  charged  with  layers  of  calcined  iron  ore,  small -coal 
and  llmeHtone,  fresh  layers  being  introduced  as  required. 

Principle  oj  the  blast  furnace. — The  coal  burns  at  the  expense  of  the 
oxygen  of  the  air  supplied  through  the  air^pipea.  The  COg  thus 
formed  passes  over  the  hot  fuel,  and  taking  up  more  carbon  hecomea 
CO,  This  carbonic  oxide  coming  into  cimtact  with  the  red-hot  oxide 
of  iron,  becomes  oxidized  at  the  expense  of  its  oxygeo,  leaving  the 
iron  in  a  metallic  state.  The  heated  iron,  as  it  sinks  in  the  furnace, 
combines  with  a  little  carbon,  and  so  forms  fusible  *'  cast  iron^^* 
which,  in  the  hottest  part  of  the  fumacei  reduces  the  silica  and 
the  phosphates,   and  combines  with  the  sllicoa   and  phosphorus  set 

g   free. 

^K  The  limestone  (CaCO 3)1  when  heated,  parts  with  its  CO^^  leaying  lime 

B^CiiO).  This  combines  wiih  ihe  infusible  clay  (silicate  of  alumina) 
and  with  other  impurities  in  the  melted  iron,  to  form  a  readily 
fusible  double  silicate  of  lime  and  alumina,  which,  owing  to  its  less 
g;ravily,  floats  on  the  surface  of  the  melted  iron,  and  solidifies,  when 
cold,  to  **  a  */a^."  [This  limestone  is  called  **  a/ux  "  because  it  makes 
tb©  clay  flow  (/wo),] 

Thus  the  melted  metal,  with  the  fused  slag  swimming  on  its 
surface,  collects  on  the  hearth  of  the  furnace.  The  sh^  La  allowed  to 
run  out  of  openings  in  the  upper  part  of  the  hearth,  whilst  the  metal 

I     is  drawn  off  from  below  into  sand-channels,  each  channel  of  iron 

I     being  called  ** a  /w]/"  (" pig-iron *'),    The  iron  thus  obtained  is  known 
as  *•  cast-iron." 
Tlie  gas  issuing  from  the  chimney  of  the  furnace  is  highly  inflam- 

1     niable  and  poisonous.     The  following  represents  its  percentage  com- 

L    position; — 

^H  Nitrogen 

^H  Carbonic  oxide 

^K^  Hydrogen 

^^^B  Oarbonio  acid 

^^^B  Harsh  gas 

^^^H  Oleflant  gas 

The  air,  previous  to  it«  being  supplied  to  the  furnace  through  the 
**  tuy^ree,**  is  usually  heated  to  600"=^  F.  (315-5^  C)  by  this  furnace  gas. 
Thia  constitutes  what  is  called  the  **  hot  blast."  In  this  way  a  great 
loat  of  heat  is  prevented.     It  is  stated,  however,  that  **  Aot  blast  iron** 

^^  of  inferior  quality  to  "  cold  blast  iron^'*^  as  the  iron  both  receives  and 

^■itains  a  larger  quantity  of  impurities. 

~   CoMt  iron  (pig  iron)  contains  about  2  to  5  per  cent,  of  carbon^  bu\i  it 

Ji  aot  a  pure  carbide  (Fe^O), 


55-35  vols. 

25-97 

6*73 

7^77 

3-75 

043 

=  100*00  vols 
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Composition  of  CaH 

Iron 

(Percy). 

Moximuiiit 

Minim  um. 

Carbon 

4-81 

.»* 

1*04  per  cent 

Silicon 

4-77 

.*• 

0'08       „ 

Sulphur 

1-06 

O'OO       „ 

Phospborus     ., 

I'87 

.«» 

trace      „ 

Manganese 

6-08 

<«. 

trace      ,, 

Iron      ,,. 

81-41 

« 1  > 

98-88       „ 

a 


There  are  several  varieties  of  coat  iron  known  in  commerce* 
whih  iron  (the  color  of  which  is  due  to  manganese)  the  carbon  eiis 
in  chemical  combination  with  the  metal  (Sp*  Gr.  7  •53)*     In  ^ret/  iry 
a  portion  of  the  carbon  is  present  in  an  uncorabined  state  (Sp.  Gr. 
6 ■92).    Jfottled  iron  is  an  intermediate  variety  between  white  and  grey 
iron.    Cast  iron  fuses  at  about  ^JOOO^  F,  (1648*8''  C).   It  13  hard,  non-_ 
elastic,  and  brittle.     It  canoot  be  welded. 

Wrought  iron. — Cast  iron  is  changed  into  wronght  iron  by  the  pr 
cesses  of  ^*  refining  *'  and  ^'  puddling. ^^ 

Rejiniiig  is  for  the  purpose  of  etlecting  the  removal  from  the  iron 
the  carbon,  silicon,  sulphur,  and  phosphorus.  The  melted  metal 
iubjected  to  the  action  of  a  current  of  air,  whereby  the  silicon  and  a 
part  of  the  carbon  become  oxidised.  Tho  silica  unites  with  the  oxide 
of  iron  produced  simultaneously,  to  form  a  fusible  slag. 

Puddling. — The  puddling  furnace  is  a  reverberatory  furnace  ;  its 
use  is  rendered  necessary  by  the  circumstance  that  the  metal  becomes 
less  fusible  as  it  approaches  purity.  Tho  fused  metol  is  well  stirred 
or  *'  puddled/^  so  that  tho  oxidation  of  the  impurities  may  bo  effected 
by  their  actual  contact  with  oxide  of  iron.  The  metal  is  then  weU^ 
hammered,  in  order  to  squeeze  out  the  liquid  slag.  This  hammere^| 
mass  constitutes  wrought  iron.  ^* 

The  Bessemer  process  was  invented  to  save  the  great  manual  labor 
involved  in  the  ordinary  puddling  operation.  It  consists  in  burning 
out  the  carbon  and  silicon  with  an  air  blast,  and  then  supplying 
carbon  by  the  addition  of  sufficient  cast  iron  (spiegel-eisen)  to  convert 
the  whole  into  steel, 

U^rottght   iron  is  soft,  elastic,   malleable  and   ductile.     It   is   ve: 
difficult  to  melt,  but  is  capable  of  being  welded.     It  is  magnetic. 

Steel  h  prepared  by  embedding  bars  of  wrought  iron  in  chi 
and  heating  them  for  several  days  at  2000'^  F.  (1093-3^  C.)  (Cemen 
tion).     From  the  ^hrous  structure  peculiar  to  wrought  iron,  the  me 
gradually  assumes  the  granular  structure  peciiliar  to  steeb  This  chan 
is  due  to  tho  iron  throughout  the  mass  becoming  combined  with  about 
1  per  cent,  of  carbon.     The  transference  of  this  carbon  is  believed  to 
[be  effected  by  the  formation  in  the  tlxst  instance  of  carbonic  oxide^  lialf 
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of  the  carbon  of  which  is  taken  up  by  the  iron  (2C0 — 0=002),  the  - 
CO2  formed  becoming  again  converted  into  CO  by  taking  iip  more  I 
fejarbon.     Graham  has  shown  that  iron  has  the  power  of  abBorbing  or 
^occluding  "  six  or  eight  times  ita  volume  of  carbonic  oxide, 
■  The  uae?ennoss  of  the  blisUnd  sieel  thus  formed  is  remedied  by 
BanLmeriDg,  whereby  ^hear  sttd  is  produced.     When  this  m  heated  to 
|pedne0d,  and  sud Jenly  cooled  by  dipping  into  water  or  into  oil,  the 
steel   is   rendered  very  hard,   brittle  and  elastic,   its  volume   beiog 
slightly  increased.     By  a  process  of  tempering,  that   ia,  by  agaia 
haating  and  cooling  the  steel »  it  is  prepared  for  the  various  purposes 
for  which  it  is  required,  the  temper  di^pending  on  the  temperature  of 
Ihe  metal  when  dipped,  and  on   tlie  rapidity  of  cooling.     Heated  to 
50^  F.  (221*^  C),  and  cooled  slowly  (called  Umpenng  to  th'  tftUow%  the 
teel  becomes  very  hard,  and  ia  used  for  knives,  etc.;  but  if  heated  to 
iSO'^  F,  (287  8°  C),  and  then  cooled  (called  tfmperifUf  to  the  blue),  it 
be^romes  highly  elastic,  and  is  used  for  watch  springs,  etc. 

CcMe  hat^cmng,  or  the  superficial  conversion  of  soft  iron  articles  into 
el,  is  eHected  by  heating  them  in  contact  with  bone-dust,  or  other  sub- 
taoce  oontaioing  carbon,  and  then  chilling  them  by  dipping  into  water, 
8iul^  unlike  iron,  retains  magnetism.  Hence  it  is  used  in  the 
manufacture  of  permanent  magnets.  A  steel  blade  may  be  known 
from  an  iron  blade  by  placing  upon  it  a  drop  of  dilute  nitric  acid, 
A  dark  stain  will  be  produced  on  the  face  of  the  steel  blade,  from  the 
separation  of  the  carbon,  whilst  a  green  stain  will  result  in  the  case  of 
the  iron  blade. 

Impnrities. — These  are  mrhon  (0-2  to  0'5  per  cent)  (the  presence 
of  which  increases  the  hardness  of  the  iron),  ^licoUf  sulphur^  phosphorus 
and  am f flic.  The  presence  of  the  last  four  bodies  is  very  objectionable. 
Properties* — («•)  Physical,  Biir  iron  is  a  hard,  grey,  lustrous 
netal ;  pure  iron  is  soft  and  silvery.  It  has  no  smell  unless  it  be 
tibbe^jb  Its  texture  is  fibrous.  Its  specific  gravity  is  about  7 "7. 
Then  heated  it  first  becomes  pasty,  and  in  this  condition  may  be 
relded.*  At  a  greater  temperature  it  may  be  fused.  At  a  red 
it  it  ia  both  ductUe  and  malleable.  It  expands  slightly  at  the 
Eioment  of  cooling,  Compared  with  other  metals  its  tenacity  is  enor- 
Qous,  but  its  conductivity  for  hfrat  and  electricity  is  comparatively 
tcmall.  It  is,  in  common  with  nickel  and  cobalt^  but  in  a  far  higher 
ee  than  these  metals,  remarkably  magnetic.  A  red  heat,  how- 
Dver,  destroys  its  magnetism,  although  it  recovers  it  again  on  cooling. 
'ItA  magnetism,  however,  is  not  permanent,  unless  the  iron  be  combined 
with  carbon,  as  in  steel,  or  withoj^/^/ffM,  as  inFe^O^,  or  with  sulphur^  as 
in  Fe^  S4,  or  Fe^Sg,  but  combined  with  oxygen  or  sidphur  in  pro- 
portions other  than  these,  the  metal  is  not  magnetic  at  all.  ■ 

•  Id  **  welding/*  the  two  pfecea  of  paaty  metal  nre  first  covered  witli  sand.  This  actil 
Ma  iiix  U>  ifae  oxide,  thus  enabling  two  absolutely  clean  surfaces  lo  >)e  Vow^^Vl  \tv\& 
jamtaisL    Tbe  ilag  of  silica  jsuJ  oxide  of  iron  formed  it  forced  out  by  the  hammeTvci^, 
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(/3.)  ChemicaL  Action  of  Air  and  Ox^mn^^Dry  air  has  Teiy  little 
action  on  polished  iron,  but  the  metal  rapidly  rufits  in  moist  air, 
forming  2Fee03,3H20.  The  presence  of  carbonic  anhydride  ex- 
pedites the  mating  process  by  the  formation  of  a  carbonate  of  iron 
(Fe-hHoO  +  CO^j^^FeCOjH-Hc).  which  is  soluble  in  water  containing 
COji  but  is  precipitated  from  its  solution  by  the  absorption  of  oxygei^_ 
I  (4FeC03+0s=2Fe505+4C05).  Once  started,  the  rusting  proceofl 
proceeds  rapidly,  owing  to  the  hygroscopicity  of  the  iron  oxide. 
East  always  contains  ammonia,  formed  by  the  direct  union  of  the 
nascent  hydrogen  with  atmoapherlo  nitrogen.  The  contact  of  a  nail 
with  a  wet  cloth  causes  a  diffused  iron-mould  stain,  due  to  the 
formation  of  the  carbonate  of  iron.  Similarly  the  black  streaks  pro- 
duced after  a  short  time  when  iron  naib  have  been  driyen  into  an 
oak  fence  are  due  to  the  action  of  the  tannic  acid  of  the  oak  on  the 
solution  of  the  carbonate  of  iron  formed  in  the  manner  already 
indicated.  When  heated  to  a  high  temperaturOi  iron  bums  in  oxygen 
brilliantly,  throwing  out  numerous  scintillations^  In  a  state  of 
minute  subdivision  it  fires  on  mere  exposure  to  air, 

Actian  of  Water* — Iron  is  not  acted  on  by  water,  when  the  water  is 
free  from  air,  but  it  is  rapidly  attacked  by  common  water  containing 
dissolved  air,  more  especially  if  the  water  be  exposed  to  air  at  the 
time  of  its  contact  with  the  iron.  (For  the  action^  iee  above.)  The 
presence  of  a  free  alkali,  or  of  an  alkaline  earth,  or  of  an  alkaline 
carbonate^  interferes  with  this  action.  At  a  red  heat  iron  decomposes 
water  (4H^O  +  3Fe^Fe504  +  4H2). 

ChlorinOj  bromine,  and  iodine,  in  the  presence  of  water,  combine 
rapidly  with  iron  at  ordinary  temperatures. 

Action  of  Acids. — Hot  or  cold  concentrated  sulphuric  acid  has  a 
slight  action  on  iron,  80-^  being  liberated,  whilst  the  dilute  acid  acta 
rapidly,  evolving  hydrogen.  Ordinary  nitric  acid  acts  energeticaUj 
upon  the  metal^  KrO^  being  evolved.  If,  however^  the  iron  be  fir 
dipped  in  nitric  acid  of  specific  gravity  1-45,  which  is  without  actic 
upon  it,  and  then,  without  being  wiped,  placed  in  dilute  nit 
acid,  the  latter  will  be  found  to  have  no  action  on  the  metaL 
similar  change  in  the  iron  may  also  be  effected  by  touching  it,  wh€ 
immersed  in  a  nitric  acid  of  specific  gravity  1*35,  with  a  piece  of  gold 
or  platinum,  when  the  previous  energetic  action  of  the  acid  instantl| 
ceases  (pasicive  iron).  Hydrochloric  acid  acts  freely  on  it,  hydrogen 
being  set  free.  Carbonic  acid,  dissolved  in  water  freed  from  air,  also 
rapidly  attacks  it,  with  the  evolution  of  hydrogen.  Thus,  in  most 
chalybeate  waters  the  iron  exists  as  a  ferrous  carbonate  dissolved  in 
water  containing  CO^,  a  ruaty  deposit  of  oxide  being  formed  when 
the  water  is  freely  exposed  to  the  action  of  the  air. 
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Componnds  of  Iron. 


Common 
Formula. 


Constitutioiial 
Formula. 


2-3 


FeOin 
lOOpartli 


u  oxide  (protoxide  | 

oxide  (per-  or  red  | 

«) I 

;tic  or  black  oxide  ) 
ran ) 

acid     

IS  cbloride  (proto-  ) 
ride)      j 

chloride  (per-  or ) 
uichloride)  . .  ..  { 
idee  and  Fluorides  | 
lar  to  Chlorides)  . .  ] 
IS  iodide       . .     . . 

Bs  of  iron    ••     ..  J 

IS  sulphide  (proto-  ) 

hide) 

disulphide  (bisul-  { 
ie) j 


snlphides 


IS  sulphate  (proto- ) 

hate) j 

sulphate  (persul- 1 

») } 

IS  nitrate 

nitrate 

ta  carbonate  (proto-  ) 

onate) ) 

IS  hyorio  phosphate 
phosphate    . .     . . 

IS  oxalate      . .     . . 


FeO 

Fe'",0, 

Fe504or(FeO,Fe,OJ 
H,Fe04 

FeCl, 

Fe,Cl, 

FeBr,  and  Fe^r, 

FeF,  and  Fe-F- 

Fer^4H,0 

Fe,N, 

FeX 

FeS 

FeS, 

Fe,8,(P) 

Fe,S, 
FeSAs  (Mispickel) 

FeSO^JHjO 

Fe"',3S04 

Fe2NO,6HjO 

Fe'",6NOyl2H,0 

FeCO, 

Fe"HPO. 
Fe"'j^,0„4H,0 

2FeC,043H,0 


FeO 
(FeO 

(FeO 
J  FeOp    ., 

FeOjEIo, 

Fe'Cl, 

J  Te'^CL 
j  'Fe'"CI, 


Fe'l, 


FeS 

FeS, 
'Fe',S, 


S0Ho,Feo",60Hj 
SjOgFejO^* 

I  N0|^^"'^^^» 

COFeo" 

P^03Fe^^40H, 
{  ggFeo",30II, 


72 

160 

232 
122 

127 
325 


310 
252 
182 

88 

120 

176 
208 
296 
648 


152 
400 
180 

116 

302 
144 


6*09 

2*528; 

Crystals, 

1-926 


2-873 


4-98 


4*65 
613 

1-857 


100 

Fe=70-0 

Fe=72-41 
Fe=a46-90 

Fe=:4409 
Fe=34*46 

Fe=3l80« 

Fes63*68 
Fe=s46'M 


25-90 
Fe=28-00 
Fe=3Ml 

6207 

Fe=3708 
Fe=:38-88 


COKPOXTNDB  OP  IbON  WITH  OxYOEN   (0). 

Ferrous  oxide FeO. 

Ferric  oxide       ^6203. 

Magnetic  or  black  oxide  of  iron  ...         Fe304. 

Ferric  acid         H2Fe04. 

1.)  Ferrous  Oliie.— Protoxide  of  iron  (FeO).   This  body  is  almost 
Icnown  in  the  free  state. 

?r€panUian  (as  a  hydrate,  FeHjOg).  By  precipitating  a  solution  of 
nrous  salt  with  an  alkali,  care  being  taken  that  the  water  m  w\ivc^\i 
fenous  salt  is  diMtoIved  is  entirely  free  from  air. 

A   A 
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I        Pfoperites, — ^The   whito   hydrated    f<?iifOU»   oxido  rapidly  ahmflfk*  ^ 
oxygen  from  the  air^  becoming  thn  groon  hydrates  of  thc^ 
oxide,  and  finally  the  brown  hydrated  peroxide*     It  is  a  , 
l)H9©,  forming /^fOKS  m!ta  {protvmlu  of  iron).    These  aaltsftreof^l 
green  color,  and  rapidly  oxidize  when  expoded  to  the  air*     It  istli^Al 
to  8tain  glass  a  green  color.  ^ 

(2.)  Ferric  Oxide* — ^^*^  oxuU;  Se^q^tio^'ide  or  j^er^mdi  nf  im 
(FegOjj),  (coleothnr :  jewcUet*^  rmttfe;  Vtnriinn  retf;  eronts  of  M'r*' 
etc.).     It  18  found  native  as  hmmatUe,  ^peatlar  iron^  h!o(KhU»ne^  e*c. 

Preparation  (anhydrous). — (l.)  By  the  ignition  of  ferrous  aulpliaU 
(2  FeSO^^  Fe^Oa  +  80. 4-  SO^V 

(2.)  (As  a  hydrato,  Fe^Oa.SH^O).  By  acting  on  a  solation  d 
ferric  chloride  with  an  exceea  of  ammonia. 

Properties, — The  hydrate  is  soluble  in  a^ids.  When  dried  aDtl 
heated  to  608°  F.  (320°  C.)  it  parts  with  its  water,  and  forms  FeA* 
If  this  be  heated  to  redness  it  exhibits  a  sudden  glow,  contracts  in 
bulk,  and,  although  its  composition  remains  unaltered  {the  change 
being  molecular),  it  becomes  insoluble  in  acids.  Heated  to  whit>  - 
oxygen  is  evolved,  and  a  magnetic  oxide  formed  (3Fe20-j=2Fej(\^ 
With  acids  it  forma  ferric  s<ilu  (persaUs  of  iVvm),  whioH  are  uon* 
crystalline  and  deliquescent,  of  a  reddish  colour,  having  an  astringfint 
taste  and  an  acid  reaction. 

Like  alumina,  with  which  it  is  isomorphous^  it  can,  although  in  a 
lesser  degree,  act  the  part  of  a  feeble  acid  to  strong  bases,  as,  t^S^t 
in  the  compound  40aO,FegOj. 

Uiteff. — Ferric  oxide  is  found  in  all  soils.     It  serves  as  a  carrier  of 
air  to  organic  matter^  whereby  COg  is  prepared  for  the  plant     Tha 
ferrous  oxide  thus  formed  is  again  oxidized  to  ferric  oxide,  and  so 
fitted  once  more  to  perform  the  same  process.     The  hydrated  fe; 
1    oxide  is  largely  used  as  a  means   of  purifying   coabgas   from  w 
phuretted  hydrogen,  (Fe.O3.H2O)  +  3H^S=(Feo8i,H.O)  f  SDoO,    Tl 
hydrated  ferric  sulphide  formed  is  oxidized  (**reyivified^*)  by  expoai 
to  air,  considerable  heat  accompanying  the  process  (2FeS^,H^.04*^i 
=2Fe^05,II.jOH-.3S„),     The  ferric  oxide  thus  reproduced  may  be  agai 
and  again  employed,  until  tlie  free  sulphur  formed  has  accumulat 
in  such  quantity  as  to  impair  the  power  of  the  oxide  to  absorb  the  ga*w 

(3.)  Magnetic  Oxide  of  Iron.— -ff/'rrX^  oxide  (Fe,0^  or  FeO,F#»  o  > 

The  latter  formula  is  believed  to  be  the  correct  one,  minerals  b      ^ 
Imown  which  have  the  same  crystalline  form,  but  where  the  iron 
displaced  by  other  metals,  e,  g.,  spinelle  (MgO,AJgOj^),    It  occurs  nnt 
as  loadstone,  and  is  the  chief  constituent  of  the  black  scalefl  fa]U: 
ih>m  the  anvil  during  the  working  of  wrought  iron. 

Prepfiration, —  ( 1 )  By  burning  iron  in  oxygen ;  {2)  By  paasirg »ti 
over  hot  iron  filings  ;  (3)  By  boiling  freshly  precipitated  hydrated 
ferric  oxide  with  an  excess  of  iron  turnings  in  water* 

(4.)  As  a  h/drate^hj  adding  ammonia  to  a  mixture  of  e^ulTalei 
pnrts  of  ferrous  and  ferric  sulphate,  and  boiling. 


tito#* 


jProjj^H fV^,— The  black  oxiiIq  ia  fusible  at  liigh  temperatures.  It  is 
>bible  in  nitric  and  in  bydruoUloric  acida ;  but  it  do€»8  not  fonn  defi* 
kite  salts  with  acids,  but  simply  mixtures  of  ferrous  and  forric  &altA 
(4.)  Forric  Acid  (l^s^*-'^-^^)  t^xists  only  in  combination  as  ferrates. 
potaasic  ferrate  solution  (K^FeO J  is  prepared  either  by  dissolving 
irater  an  ignited  mixture  o£  ferric  oxide  and  nitrOf  or  by  passing 
lorino  through  a  solution  of  potash  (30  parts  of  KHO  in  60  parts  of 
^O)  in  which  I  part  of  freshly- precipitated  hydrated  ferric  oxide  ia 
suspended  (FegOj+aCl^+lOKHO^reiKOlH-SK^FeO^-haliP).  It  is 
very  soluble  in  water,  but  is  insoluble  in  a  strong  potash  solution. 
Its  aqueous  solution  Las  a  fine  purple  color*  It  rapidly  decomposes 
(2K^Fe04=2K5jO-fFe«0,H-30),  oxygen  being  evulved  and  ferric 
oxide  precipitated.  The  presence  of  organic  matter  or  the  application 
of  heat  decomposes  it  immediately. 

OOMTOUNDS  OF  InON  AKD  CtlLOBDnS, 


Ferrous  chloride 
Ferric  chloride 


FcCV 

Fe^OV 

(5.)  Ferrous  Chloride,  ProtoMoridt  of  iron  (FeClg). 
Preparation. — (K)  Bypassing  dry  hydrochloric  acid  gas  ovear  red- 
ot  iron  (Fe4-2HCI=FeCl5.-f  H.). 
(2.)  By  heating  ferric  chloride  in  hydrogen  (FegCJ6+Il2=2FeCJ2+ 

kiici). 

(3*)  (As  a  hydraU,  crystals =FeCl4,  41120).  By  dissolving  iron  in 
bydrochloric  acid. 

ProptrtitJi,—ThB  crystals  are  deliquescent,  of  a  green  color,  and 
eiy  soluble  in  water  and  in  alcohol  By  heating  in  air  they  are 
imposed  into  Fe^Oj  and  CL  They  rapidly  oxidize,  even  by  mere 
tposnre  to  air* 

(6 J  Ferric  Chloride;  Perchhride,  SeBquiMoride,  or  Trichloride  of 

m  (Fe^Cle), 

Prtparation, — (1.)  (AnhydrouifFeaCl^),  By  the  action  of  chlorine  on 
red-hot  iron. 

(2.)  (As  a  hydrate,  Fc\.C1^.6II.>0).  By  diesolviug  ferric  oxide  in  hy- 
rochloric  acid. 

(3.)  By  passing  c'hl<>nne  thi*oiigh  a  solution  of  ferrous  chloride, 

Ptvperties, — The  anhydrous  salt  is  very  deliquescent^  and  rapidly 
Dmbines  with  water,  its  solution  becoming  red.     The  hydrate  is  a  red 

^stailine  body,  decomposed  by  heat  into  Fes.0^  and  IICL  Hence 
lie  anhydrous  salt  cannot  l^e  pi-epared  from  the  hydrate,  It  forms  a 
[luble  salt  with  animonic  chloride. 

Uif€0, — In  solution  it  is  used  as  a  disinfectant,  on  account  of  the 
ise  with  which  it  yields  chlorine  to  organic  matter,  becomiug  itself 
Kiuced  to  ferrous  chloride.*  It  is  UBod  in  mcdidne  and  in  the  laho- 
U^ry.  Its  solution  freely  dissolvus  Ixeahly  precipitatod  ferric  hydrate, 
brming  ferric  oxy chloride. 
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<8.)  Ferrous  Iodide  (FeL). 

Preparation,  Bj  digesting  iron  and  iodine  in  water. 

Frvpertics, — It  decom poses  by  exposure  to  air^  and  is  hence  com* 
monly  prescribod  in  medicine  in  the  form  of  a  syrup,  by  wbich 
ita  oxidation  is  retarded. 

(10  J  Perroua  Sulpldde  ;  Protomlphitk  or  sulphide  of  iron  {Vt^) 

Frrparatim,    (L)    {Anhydrous),     By  the  contact   of  atilpbur  vrilK 
wbite-bot  iron. 

(2.)  (As  a  hfjdrate,)  By  precipitating  a  ferrous  salt  with  an  alkaliiie 
Bulph-hydrate  (2KHS -f  FeSO^ -f  H,>0:=FeS,n.,0  +  H.S  +  K^SO^). 

Frvprrties. — The  anhjdrouB  compound  is  insoluble  in  water  aii<l  in 
the  alkalies,  but  is  soluble  in  dilute  sulphuric  or  hydrochloric  aclffs 
UoB  being  evolved.  When  heated  in  the  air  it  first  becomes  FeSO|,^ 
this  compound  being  itself  decomposed  at  a  higher  temperature.  Tbi 
hydrate  rapidly  absorbs  oxygen  when  exposed  to  the  air,  forming  tl 
the  red  ferric  oxide  and  free  sulphur. 

(11.)  Ferric  Disulphide  (^^^^r)  is  found  native  in  aU  rocki  m 
pyrites  (mundic),  and  is  probably  formed  by  the  deoxidation  of  f*?r*J 
rous  sulphate  by  organic  matter.  By  exposure  to  air  some  variotle 
(such  as  marca$itf)  rapidly  absorb  oxygen,  forming  ferrous  sulphat 
It  is  a  hard  body  not  attracted  by  the  magnet.  It  is  not  aci^d  o«^ 
either  by  cold  sulphuric  or  by  hydrochloric  acids*  By  heat  sulphur 
is  driven  off,  and  magnetic  pyrites  (Fe^S^)  formed.  On  account  of  tlu» 
property,  ii'on  pyrites  is  largely  used  in  the  man ufao turn  of  KtiVnlmnc 
acid.  (iS^epage  132.) 

Iron  Oxy  Salts. 

(13.)  Perrons  Sulphate. —  Pmto$ulphaie  of  iron  ;  copperas :  fTtm 
vitriol;  iron  vitnot  (Ft^SOj). 

Preparation. — (K)  By  acting  on  iron  with  dilute  sulphuric  add  and 
crystalli^^ing  (FeS04,7H20).  [Other  hydrates  of  FeSO^  hava  also 
been  obtained]* 

(2.)  By  the  oxidation  of  iron  pyrites  (FeS^J  by  contact  with  air  and 
moisture.     {See  above). 

Pwprrtie^,  —  A   green    efflorescent,  crystalline   (rhomboidal)    salt« 
soluble  in  alcohol  and  in  water  {1  in  2  aq.  at  fiO^F, ;  S"7  in  I  aq.  at 
194'^R;  3-3  in  1  aq*  at  212'- F.).     At  a  moderate  heat  the  salt  brr  -  - 
white,  losing  at  the  same  time  six  molecules  of  its  water.     At  *^k' 
(260^^  C.)  the  seventli  molcctile  of  water  escapes,  wbilst  »t  a  r^d  U^ 
salt  itself  is  decomposed  (2Fe80^=FeoO.,-f  BO^-f  80,).     The  prt  i 
tion  of  Nt>rdhmifien  mlphuric  acid  from  ferrous  sulphate,  depends  on  the 
circumstance  that  it  is  practically  impossible  to  render  the  si  *   ' 
large  bulk  perfectly  anhydrous^  and  that  ther»>fore  the  In 
remftining  in  the  salt  distils  over  along  with  the  SO<j.     Tho  rwiiitJ 
(FeaO,)  left  in  the   retort  when  the   process   is  cumplole  '"  f^^^f* 
colcothar. 
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By  exposing  a  solution  of  the  salt  to  air,  a  brown  Hquid  resulta, 
ae  to  the  formation  of  a  normal  and  basic  ferric  sulphate,  the  former 
Temaining  in  solution  and  the  latter  being  precipitated  (lOFeSO^^Oi 
=3(Fe803,380;,)-t'2Fea05,SO^,),     A  similar  result  occurs  bj  the  ex- 
posure of  the  solid  crystals  to  air»     The  af|ueou8  solution  of  the  salt 
■       'ly   absorbs  nitric   oxide.     It  forms  double   salts  (isomorphous 
.  Llie  muguesic  salts),  with  potaseic  and  ammonic  sulphate. 
V^ei — In  the  laboratory  it  is  used  as  a  redueing  agents  as,  €.^.,  to 
precipitate  metalUc  gold  from  its  solutions*     In  the  arts  it  is  used  in 
tbe  manufacture  of  black  dyes  and  of  ink,  by  the  action  of  tannic 
infusions  upon  it. 
(140    Ferric    Sulphate.  —  Persulphate    or    sisquisulphate   of  iron 
Pe"  *3S04),  is  fuuud  native  in  Chili,  as  cuquimbit©  (Feg3^04,9H^O). 
Preparation,  —  By   adding   the  necessary   quantity   of    H^SU^   to 
Fe'  SO^  to  convert  it  into  FogSSO^.     Tho  mixture  is  then  boiled,  the 
^a  being  afterwards  peroxided  by  the  cautious  addition  of  nitric 
«il 

Properttes. — A  n  on -crystalline,  yellow  body. 

(15*)  Ferrous  Nitrate  (Fe2NOj,(>HjO)  is  prepared  by  the  action  of 
cold  dilute  nitric  acid  on  ferrous  sulphide  ;  whilst 
(16  j  Ferric  Nitrate  (Fe'^'geNO^,  i2UJj)  is  prepared  by  the  action 
i«f  nitric  acid  (specific  gravity  1  2)  on  metallic  irun. 

[N.B» — Fuming  Nitric  Acid  (specific  gravity  1^5)  has  no  action  on 
«iin.  (S^e  Passive  Iron,  p.  352.) 
(17.)  Perrons  Carbonate^  Pmtocarhonate  of  iron  (FeCO^),  is  found 
*tive  as  spathic  iron  ore^  and  as  clay  iron  ore.  It  is  the  iron  salt 
ooimonly  found  in  mineral  waters,  retained  in  solution  by  the  cai'- 
oaic  acid  dissolved  in  the  water,  from  which  it  is  precipitated  by  the 
en  of  oxygen,  as  a  red  rusty  deposit  of  hyd  rated  ferric  oxide* 
bia  deposit  is  frequently  seen  on  the  ground  in  the  neighbourhood 
^t  chalybeate  springs, 
Preparalion. — By  mixing  together  solutions  of  an  alkaline  carbonate 
&d  a  ferrous  salt. 

Pr&pcrties, — The  hydrate  formed  as  above,  is  a  white  body,  evolving 
and  absorbing  0  (becoming  2Fe03,3ngO)  by  mere  exposure  to 

(20.)  The  Iron  Oxalates  ar^  found  native  (Humboldtite  or  iron- 
''^eiti),  and  may  alao  be  produced  as  lemon-yellow  precipitates,  by 
precijjitating  ferrous  sulphate  with  ammonic  oxalate. 

TtMs, — {jSee  AerALYxicAL  Tables). 


CEEOMIUM  (Or). 

Itatmc  weighif  52*5.      Specijic  gravittf^   701.      Atomicity ;  dtfad^  tetradp 
and  hexadf  aleo  a  pftudo-tfiad  and  octad  (CrO,CrOj), 

History. — Ohtained  by  Vauquolin  (1797),  from  lead  chiomcile. 
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Natural  History. — It  is  found  as  chrome-iron-slate  (F©0,Cr^O^ 

and  also  as  lead-cliromate  (Pl>Cr04). 

Preparation* — (l»)  By  heating  the  oxide  with  charcoal. 

(2,)  By  the   action  of  metallic>Bodium  or  potassliim   on  chro: 
chloride. 

Properties.— (a.)  PhjmaL    A  hard,  cryataUine  (octahedra),  hig^ 
infusiblo  raetah 

(/I)  €hemicaL—*lt  is  not  oxidized  by  heating  in  the  open  air.  It  is 
not  acted  on  by  any  acid  except  hydrofluoric  acid,  but  is  converted 
ijQto  a  chromate  by  ignition  with  tho  hydrated  alkaliea. 


Compounds  of  ChromiunL 

Atomic  Wmyht,  Cr  52. 


COMPOUNDS. 


^  Chromoiia  oxide  (protoiside) . . 
Chromic  oxide  (scsquioxide) . . 


CkromouE  dicbromic  tetroxido 

Chromic  dioxide * 

ChTomic  aiibydride        . .      .  • 
t  Potaiaic  chromate 
J  Potaseic  diubroiimte  . , 
J  Potassic  tdchronmte  . . 
(  Potasaio  telrachromale 

I  Sodic  ch^olDat^^  , 

(  Hydric  sodic  chromate 

Ainmonic  dichromate     . ,     . . 

Baric  chromato 
I  Plumbic  chromate     , ,     , , 
)  Basic  plumbic  chroma U)    * « 

Arjjentic  ohromat© 

Argentic  diohromate 

Chromoiif  chloride . . 

Chromic  chloride  (^aquichlo-  \ 
ride) } 

Chromic  oxy-dicbloride  (chlo*  \ 
rochromie  acid)      . ,     , .  ) 

Cbromic  aulphide  . , 

Chromic  sulpbato 

Chromic  nitrate      . ,      , , 


Fonnnla 
(Common] 


K^Cr,0.j 

Na,CrO,10e_O 

2(NaHCr().\IIs,0 

{NE,),2CrO, 

BaCrO, 

PbCrO. 

SPbO.CrO, 

Ag,CrO, 

Ag,0»2CrO, 

CrCl, 


CiClA 

Cr,S 
Cr,3S<\ 
CrjGNOa 


(1,)  Chromous  Oxide  (CrO)  is  only  known  as  a  hydrate  (OH*' 
It  ia  produced  by   adding   potaseic  hydrate  to  a  solution  of  cl 
moUB   chloride.     It    absorbs    oxygen    with  great   energy,    for 
CrO,€r/}^.     It  is  a  feeble  base, 
(2»)  Ciiromic  Oxide* — ^Se^quioxidcfiJcKromiumCOt^O^), 


■     ^ rtparation.  — It  a  Bolulion  of  potassic  dkhromate,  acidulated  with 

^^Iphunc   acid,   be  boiled  with  alcohol,  or  if  a  current  of  SOa  ba 

P^H^tnl  through  a  solution  of  the  dichromate,  the  chrotnic  acid  loses 

^^If  its   oxygen,  and   a   chromic   eulpbate   ia   formed.     On   adding 

^^Umonia   to   this  solution,  the   hydrated   seetjuioxide  (CreHcOc)  is 

Pi^ipitated,  which  on  ignition  leaves  CigO^. 

Properties, — Chromic  oxide  has  a  brilliant  green  color,  which  is 
j  Unaffected  by  heat,  and  is,  consequently,  largely  used  in  enamel  painting. 
jit  constitutes  the  green  coloring  matter  of  the  emerald*  **  Guignct*^ 
ip«m^*  has  the  compoaition  Gr4Hg0y. 

The  hydrate  forms  two  seta  of  salts  with  acids,  one  of  which  is 
[peen  and  n  on -crystalline,  and  the  other  violet  and  crystalline, 
Tbe  anhydrous  sesquinxide  is  insoluble  in  acids. 
(3.)  Chromic  Anhydride  (Chromic  acid)  (CrO^). 
Preparation, — By  adding  an  excess  of  sulphuric  acid  to  a  strong 
Bolution  of  potassic  bichromate,  and  crystalliiciiig* 
Ptifptrties. — Chromic  anliydride  crystal  liases  in  needle-shaped  crja- 
Is,  which  are  deliquescent,  and  soluble  in  water.     It  is  decomposed 
heat  with  the  evolution  of  oxygen.     It  is  a  powerful  oxitlizing 
iy  (4CrO;,=2CroO-,-|-30^),  and  is   used  as  an  agent  in  blea*;hing 
oertain  oila^     Heated  with  hydrochloric  acid,  chlorine  is  liberated ; 
when  heated  with  sulphuiic   acid,  oxygen  ia  set  free.     The  color  of 
the  ruby  is  believed  to  be  due  to  the  presence  of  a  trace  of  chromic 
add. 

^  (4,)  Potassic  Chromate  (KeCrO,). 

^B  Pr«7>ara/io/t.— (K)  By  adding  potassic  carbonate  to  a  solution  of 
^potasfiiio  dichromate. 

(2.)  By  fusing  a  chromium  compound  with  potassic  carbonate. 
(a)  {&t^  below,) 

.Proper ticji. — A  yellow  crystalline  salt,  eoltible  in  water  ( 1  in  2  aq. 
fiC  F.),  the  solution  having   an  alkaline   reaction.     It  fuses  by 
»t,  becoming  red  without  decomposing. 
I  (5/)   Potassic    Dichromate    ^^    anh^dfvchi^mate* — BichrmmU    of 
fta»h  (ICfCreO;). 

tiration,^\.)  By  the  action   of    sulphuric   acid    on  potafidc 
ftte. 
[(2.)  Commercially  the   salt   is   prepared   as   follows: — Powdered 
[>ine  ironstone  is  heated  in  air  with  chalk  and  potassic  carbonate. 
lie  ferroua  oxide  is  thus  changed  into  the  insoluble  ferric  oxide,  and 
'  chromic  oxide  (Cr^^Oj)  into  chromic  atid  (Cr0.j),  which  forms,  with 
potash,  potassic  chromate  (K^CrOi)*     The  mass  is  then  acted  on 
water^   and  the  clear   solution   mixed  with  nitric    acid    and 
fstallizod : —  J 

^(K^jCrO^)     +  2HK0^,  =        K^Cr^O^        -\-      2KNO3      -h  H«0.      ! 
vie  cbfomale  -^  Kitiic  add  -=.  Potassic  dichromate  H^  Pottudi^  uilmlQ  *V^*^^^* 
lProptfftiV#.— A  rod  crystuUIiie  sait   It  fuses  at  a  modoialQ  \ieal,  ViuV 


«p 


aeo 
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is  decomposed  when  the  heat  approaohes  redness,  with  the  eroltttioii 
of  oxygen.     It  is  soluble  in  water  (1  in  10  aq.  at  60°  F.). 

(12,)  Flumbic  Chiom^te,— Chrotnale  of  lemf ;  Chrome  yellow 
(Pb0r04).     This  body  is  tbutid  native  as  red  lead  ore  (Siberia), 

Preparation,  —By  the  action  of  lead  acetate  on  potassic  chromate 

Properties, — A  yellow  poisonous  pigcueEt.     When  healed  it   ti 
brown,  and  evolves  oxygen  (8PbOr04^4(  PbCr04,PbU )  +  aCr^O;,-!-  30 
It  ifl  insoluble  in  water  and  in  acids,  but  is  soluble  in  an  excess  of 
potassic  hydrate. 

U8&8,^ln  the  arU  it  is  used  as  a  yellow  pigment,  and  in  the 
lahorfitory  b,h  a  flourco  of  oxygen  in  organic  combustion  analysis. 

(13,)  Basic  Plumbic  Chromate.— ^ra/^^o  chrome  (2PbO,Cr03). 

PreparatifftL — By  boiling  together  lime  and  plumbic  chromate  : — 
2{PbO,Cr03)     +    CaO    =  2PhO,CrOj  +       CaCrO^. 

Plumbic  carbonate    -^    Lime    ==    Basic  plumbic  chromate    +     Calcic  chrormtto. 
Properties,— A  scarlet  pigment.     It  is  used  in  calico  printing,  the 

fabric  being  first  dyed  with  plumbic  chromate  and  afterwards  boil 

in  lime-water. 

(16,)  Chromous  Ctloride  (Cras). 

Preparation. — By  heating  chromic  chloride  in  a  current  of  dry 
hydrogen. 

Properties, — A  white  substance,  the  aqueous  solution  of  which 
blue,  but  becomes  green  by  exposure  to  air.     It  is  a  powerful  n 
ducing  agent. 

(17*)  Chromic  Cbloride.^ — S^^sqmchfonde  o/ehrmnii(fn  (CrnCle), 

Preparation — (L)  (Afihf/drous,)  By  passing  dry  chlorine  over  a 
heated  mixture  of  chromic  oxide  and  charcoal  The  Cr^Ol^  collects  as 
a  violet  sublimate  in  the  cool  part  of  tho  tube. 

(2,)  (As  a  hf/drate).—(a)  By  dissolving  chromic  hydrate  in  hydro- 
chloric acid;  or  (ft)  by  boiliug  either  chromic  acid,  or  the  leader  sOver 
chromate,  with  hydrochloric  acid  and  some  reducing  agent  such  aa 
alcohol^  SOgi  etc. 

PrfjpeHk'Sv— Insoluble  in  ecids  or  in  cold  or  boiling  water.  If  a 
trace  of  chromous  chloride  bo  added  to  the"  salt  suspended  in 
water^  it  becomes  soluble,  great  heat  being  evolved  in  the  aot  of 
aolution. 

The  Fluorides  of  Chromium  (CrF^  and  CrgFg)  have  been  pre- 
pared, J 

(18.)  Chromic  Oxydichloride. —  Chhrodiremic  add  (CrOlgO^).         " 

Preparatitm. — By  distilling  sulphuric  acid  with  a  fused  mixture  of 
common  salt  and  hydric  potassic  chromate  i — 

KgCnO^  +  4Naa  +  3H<804  =  K^SO^  +  2NaaS04   +    BUfi 
2CrC1^0g. 

Properties, — A  red  liquid   (Sp.  Gr.  1-92)   emitting  suffocating  red 
fumes  (SjK  Gr,  of  vapor,  6  52),    It  catches  fire  when  dropped  into 
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alcohol,  or  into  a  solution  of  ammonia.  It  is  decomposed  by 
water, 

(19.)  CliromiC  Sesquisulphide  (CrjSV)  has  been  obtained.  Chro- 
mium, however,  has  but  little  alfiuity  for  sulphur, 

(20-)  Chromic  Sulphate  (Cr^SSO^). — There  are  three  yarieties  of 
ebiomic  sulphates : — 

(a.)  A  grc€n  sulphate  ,Ct23SO^,5H.20)»  which  is  soluble  in  alcohol 
and  ia  nun-crjstalline.  It  is  prepared  either  (a)  by  boiling  hydrated 
chromic  oxide  with  sulphuric  acid,  or  (/i)  by  boiling  a  solution  of  the 
violet  eulphaie,  or  (y)  by  heating  the  crystals  of  the  violet  sulphate  to 
212^  P.  (100'' C). 

^  (/3,)  A  violei  sulphate  (Cr^SSO^,  1  SH^O),  which  is  insoluble  in  alcohol 
and  ia  crystalline.  It  is  prepared  by  digesting  the  dried  h^^drated 
sesquioxide  with  sulphuric  acid  at  ordinary  temperatures.  With 
potasaic  sulphate  it  forms  chrome  alum  (KsCr24S04,24H20,  Sp,  Gr, 

(y.)  A  red  sulphate  (CrgSSO^).     A  crystalline  salt,  insoluble  either 

in  alcohol,  in  water,  or  in  acids  (even  in  aqua  regia).     It  is  prepared 

I       by  heating  the  green  or  the  red  variety  to  696°  F.  (370°  0,). 

^^^^ttsu. — (S^€  AiifjLLyTicAJ.  Tables,) 
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TITAU ItTM  (Ti). 

Atomicittf  dyad  and  tetrad  (TiO ; 


Akmie  wogkiy  50.  Specific  gramtif^  5*3 
TiCJ,). 

History. — ^Biacovered  by  Gregor  (1791). 

Katnral  History »^ — It  is  never  found  free,  but  occurs  in  titaniferous 

iron  (as  in  iron  aand) ;  also  as  titanic  anhydride  (TiO^),  in  rutile, 

Anataae,  Brookite,  etc, 

FrepapatiOE* — (lO  By  heating  titanic  oxide  (TiO^;)  with  charcoal, 
(2.)  By  heating  sodium  in  the  vapor  of  titanic  chloride. 
Properties.^ — A  dark  green  substance.  It  burns  with  vivid  scin- 
"ations  in  air  and  oxygen,  and  in  burning  absorbs  both  oxygen  and 
trogen.  Hydrochloric  acid  dissolves  it^  with  the  evolution  of 
lydrogen.  It  has  a  great  affinity  for  nitrogen.  If  a  mixture  of 
axeoal  and  titanic  anhydride  be  heated,  and  whilst  hot  introduced  into 

ft  jar  of  nitrogen,  the  nitrogen  will  be  absorbed,  and  CO  be  formed. 

If  ammonia  gas  bo  passed  over  red-hot  titanic  anhydride,  the  violet 

^titanium  dinitride  (TiN^)  is  formed ;  or  if  ammonia  be  passed  over 
H^N,TiCl4,  the  nitride  Ti^^N^  results. 

In  iron  furnaces  certain  crystals  are  frequently  found  adhering  t<i 
slag,  which  consist  of  a  mixture  of  cyanide  and  nitride  of  titanium 
Cy^jSTijNj)  (Wohler).  They  are  extremely  hard,  almost  absolutely 
^wble,  and  have  a  specific  gravity  of  5^S.     Thoy  are  Insoluble  va 
acidi  except  in  a  mixture  o£  nitric  and  hydrofluoric  &dd&. 


862 


nAMSBOOK  OP  MODEBN  CHEMISTBY. 


Compounds  of  Titaniam. 


NAMES. 


;§ 


8.1 


/  TiULnous  oiide — Protoxide 

\      of  liUmiin] 

}  Seaqnioxidd  ol  titunium  . , 
f  Titanie  oxide  or  imb)  dride 
\  Titunic  atid       ♦ 

i  Ditit4inic  teiacbloride     , , 

I  Titanic  chloride  (tetni- 
^      chloride)        . »     . , 

I  Dilitanic  bexafluorido 
(  Titanic  fluoride        . .     . , 

Tit&nic  fiulpblde 
Bitttaaic  dinitrido   . . 
Ttititanic  tetmnilride 


FormulA 
(Common.) 


TiO 

TiO, 
TiO^lI^O 

Ti.C1, 

TiCI, 

Ti.F, 
TiF^ 

TiS", 
Ti,N, 
TijN"\ 


Form  alt 
(ConititiitiociAl.) 


TiO 

TifK 

Tiorfaj 
)  TiCl, 
J  TiCl, 

TiCI^ 

JTiF, 

)TiF, 

TiF, 


TiS' 

jTiN 
TiN" 


?.. 


Moleriikr 
Weight 


63 
148 

82 
100 

313 


102 

214 
126 

114 
128 
206 


Specific 
Gravitj. 


1760 


7575 

60  97 
5000 

31-95 

2604 

4^672 
39*68 


OOMPOUITDS  OF  TITA^^UM   AND   OXYOKW, 

Titanous  oxide         ..     TiO. 

Sesqnioxide  of  titaniiim      TioO,. 


Titanic  oxide 


TiO^ 


(10  TitanoiIS  Oxide. — ProtoxicU  of  titanium  (TiO)  in  &  hl&ck  pow- 
der, and  may  be  obtained  by  heating  TiO^  in  a  crucible  lined  with 
diarcoal  (?). 

(2.)  Sesqnioxide  of  TitaniBm  (TigO,)  h  obtained  as  a  dark  brown 
precipitate  on  adding  ammonia  to  a  hytlrochloric  acid  solution  of 
titanic  acid  after  digestion  with  metallic  copper  at  122^  F.  (50^C.)*  It 
rapidly  absorbs  oxygen  from  the  air. 

(3.)  Titania  Oxide. — I^ioxide;  titanic  anhi/inde;  titanic  acid  (TiOj), 
This  body  occnra  natlTe  as  rutile  {Specific  gmvitt/,  4'25-  Ctn/staU, 
brown  luedle-pn^n/*)^  anatase  (Speci/ie  gravity y  3-9.  Cn/Hals,  blue 
transparent  octahedra),  and  Brookite  (Specific  gravity^  4*13*  CrifstaU^ 
right  rhombic  prisma).  It  also  occurs  in  combination  with  oxide  of  iron 
(iron  sand). 

Preparation. — Powdered  '*rutile,**  or  '*iron  fioud,"  is  first  fused 
with  potasBic  carbonate.  After  the  fused  mass  has  been  treated  with 
hot  water,  the  residue  (an  acid  potassic  titanate)  ia  dissolved  in  hydro- 
chloric acid,  and  the  solution  evaporated  to  dryness.  In  this  way 
the  titanic  oxide  and  any  silica  presont  are  converted  into  insoluble 
modifications.  This  residue  is  now  fused  with  acid  potassic  sulphate, 
irhoreby  a  yellow  mass  is  obtained  having  the  composition  TiO^.SO^, 
and  which,  bmng  soluble,  may  be  ae^ataUd  from  tho  silica  by  treat- 
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ment  with  cold  water.  On  boiling  tlie  eolution,  the  titanic  oxide  is 
precipitated  as  a  white  powder.  By  continuous  heating  this  white 
powder  becomes  anhydrous,  its  color  changing  to  black,  its  specific 
gravity  likewise  increasing.  It  moreover  becomes  insoluble  in  all 
acids,  except  in  hydrofluoric  and  in  boiling  sulphuric  acids.  Fused 
with  potash,  it  forms  a  yellow  potassic  titanate,  which  is  soluble  in 
hydrochloric  acid,  from  which  solution  titanic  oxide  may  be  pre- 
cipitated as  a  hydrate  on  adding  ammonic  carbonate. 

Titanic  oxide  {hydrate)  is  yellow  when  hot  and  white  when  cold. 
It  is  soluble  in  hydrochloric  and  sulphuric  acids  (thus  distinguishing 
it  from  silica).  It  is  insoluble  in  a  solution  of  potassic  hydrate,  but 
forms  a  titanate  when  fused  with  potash.  The  potassic  titanate  is 
decomposed  by  water,  an  acid  potassic  titanate  being  formed  which 
IB  Bolable  in  hydrochloric  acid,  from  which  solution  hydrated  titanic 
add  (TiOgiHfO)  may  be  precipitated  by  ammonia. 

The  titanates  may  be  represented  either  as  2M'80,Ti02(=M'4Ti04), 
OP  as  M',0,TiOj(=M2Ti03). 

Compounds  of  Titanitjm  and  Chlobine. 

Titanous  chloride TiCl,. 

Titanic  chloride TiCl4. 

(4.)  Titanons  Chloride  (TiOls)  forms  lustrous  violet-colored 
crystals,  prepared  by  heating  titanic  chloride  in  hydrogen. 

(5.)  Titanic  Chloride. — Tetrachloride  of  titanium  (TiCl4)  is  prepared 
by  passing  chlorine  over  a  red-hot  mixture  of  titanic  oxide  and  char- 
coaL  It  is  a  volatile  colorless  liquid  (Specific  gravity  of  vapor,  6*836 ; 
of  liquid,  1-761,  at  32°  F.)  It  boils  at  275°  F.  (135°  C).  It  is  decom- 
posed by  an  excess  of  water. 

BSAOnOK  OF  TlTANIXIM  CoMPouims. 

(A.)  TUanaus  compounds. 

Ammonic  CarboncUe. — A  blue  ppt,  changing  to  brown  and  then  to 
green. 

(B.)  Titcmic  compounds  (titanic  acid  dissolved  in  HCl). 

(1.)  Ammonia,  a  white  ppt. 

(2.)  Infusion  of  galls,  an  orange-coloured  ppt. 

(3.)  Potassic  fsrroeyanide,  a  brown  ppt. 

(4.)  The  borax  bead,  or  microcosmic  salt,  gives  in  the  inner  blowpipe 
flame  a  yellow  bead  when  hot,  which  changes  to  violet  as  it  cools. 
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CHAPTER  XVI. 
METALS  OF  GROUP  11. 

A.^ — ^MSTALS    WHOSE    SuLPHIDEa    ABE    INSOLUBLE    IN    THU    AlSALINbJ 

SULPHIDEB. 

Copper  and  its  Componnda — Bismuth  and  iU  Compouudfl—CADMnjai— Compound 
with  Oxygen^  with  the  Httloidji,  and  witli  Sulphur  —  Palladilm  antJ  its  Com 
pounda^Riu>Bii  M  and  ita  Componnda— Osmium  and  iU  Compounds — IlirTttKjfiui 
and  iu  Comp^uudi. 


B. — Metals  whose  RuLpeiDEe  abe   Soluble  uj  the  Alkaxinb 

SULPHIUES. 

Ti>f  and  ita  Compounds— Aktimont  and  its  Compounds — Absbnic  and  its  Coi 
pounds  —  Gold  and  its  Compounds— Plath^um  and  its  Compounds  —  Baa«« 
producedgby  the  attioii  of  Anamomii  on  the  CHoridee  of  Platinum — MoLriiD£24tM 
And  its  Com  pounds. 
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COPPER  (Cu  ^-63  4). 
Atomic  tceight  and  Mokodar  weighty  63*4.     Sptdfc  Graviti/^  8'9.     Ihses^^ 
1U96^  F.  (1091°  C).     Atomicii^,  J^ad,  as  in  Cupric  Sails,  Cu^'Cl^  ; 
pBeudo-monad  as  in  Cuprous  Salts ,  ('Cu'^Cls)*  J 

Natural  History. — Copper  ia  found  native  both  in  masses  and  In 
crystals,    not    uufrtiquently    assocnated    witk    silver.     The    comnjon 
copper   oroa    are   a  sulphido    of    copper   and   iron,    called   **  copper 
pyrites,"  or  ''yellow  copper  ore  ^^  (CiLjSjFeaSa),  a  cuprous  sulphide 
or  ** copper  glance*'  (Cu^S),  a  cuprous  oxide  or  **red  copper  ore," 
**  ruby  ore  "  (CuoO).    Copper  is  also  found  as  cupric  oxide  or  **  blacl 
oxide  "  (CuO),  and  as  malachite,  the  green  malachite  having  the  com  J 
position  represented  by  the  formula  (CuCOg^CuOjH^O),  and  the  blue 
malachito  {2Cu00j,Cu0,H50). 

Preparation.—^?'^'"  (-opper  pyriits  (Cu^S^Fe^S,)  (Copper  amelting). 
The  ore  is  sorted^  that  is,  those  pieces  rich  in  copper  are  picked  oulfl 
and  broken  up,  whilst  the  part  less  rich  in  metal  is  powdered  ana" 
sifted. 

(K)  Calcination  of  ore, — The  ore  is  first  calcined  or  roasted^  whereby 
the  arsenic  and  part  of  the  sulphur  are  volatilized  as  As^O^  and  80^, 
cuprous  sulphide  with  some  oxide »  and  ferric  oxide  (converted  from 
the  ferric  sulphide)  with  some  sulphide »  remaining.  The  ferric  sul- 
phide is  far  more  easily  oxidised  than  the  cuprous  sulphide.  Honoe 
the  chief  part  of  the  Cu^8  remains  unaltered. 
[The  fames  given  oS  during  roaalm^  are  caHod  *^  copper  smoke, '\ 
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and  cx>iitam  As,  APgO,,  SO,,  80^,  and  HF,  the  latter  being  derived 
from  the  fluor  spar  contained  in  the  ore»] 
L     (2,)  Fimon  for  coarse  metal, — The  calcined  ore  is  now  mixed  with 
nand,   and  with  a  slag  containing   a  quantity  of  silicate,  fluur  8par 
being  added  if  neceeeary,  to  increase  the  fluidity  of  the  slag.     The 
mixture  is  now  intensely  heated  in  the  **  ore  furnace**'    The  following 
changes  occur : — The  cuprous  oxide  acts  on  the  ferric  sulphide  present, 
Iniprous  sulphide  and  ferric  oxide  being  formed.     But  inasmuch  aa 
bbere  is  more  ferric  aiilphide  in  tho  ore  than  can  he  oxidized  by  the 
BQpraus  oxide  present,  the  excess  of  the  fused  ferric  sulphide,  toge- 
ther with  the  cuprous  sulphide,  sink  to  the  bottom  of  tli©  furnace  to 
form  what  is  called  the  **7nat^^  or  **  coarse  metal"  { saCiiFeS^)*     This 
eoftrse  metal  is  granulated  by  being  run  o£f  into  water  whilst  in  a 
liquid  state.  ■ 

The  ferric  oxide  present  combines  with  the  silica  to  form  a  fusible ■ 
lag  (edJicate  of  iron)  (FeSiOj),  which  is  used  for  building  purposes, 
(3.)  Calcination  of  the  coarse  mttuL — The  coarse  metal  is  now  cal- 
aed,   whereby  any  sulphide  of   iron    present    is  converted  into 
dde. 

(4.)  J^usian  for  white  meiaL — The  roasted  coarse  metal  is  now  fused 
ith    silica,   and   with    an   ore   rich  in   cuprio  oxide,   whereby  any 
Qchanged  iron  sulphide  is  convertod  into  oxide.     The  whole  of  the 
iron  which  is  now  present  as  ferric  oxide  combines  with  the  silica  to 
Ibrm  a  fusible  slag,  the  *^mat,"  or  **  regulus  of  white  motal,''  or  the 
^**jliw  metal, ^^  as  it  is  now  called,  being  nearly  pure  cuprous  sulphide 

^H  SometimeB  the  roasting  is  carried  farther^  so  that  a  portion  of  the 
^Pbo^B  hecomes  reduced.  This  reduced  portion  sinks  to  the  bottom, 
along  with  moat  of  the  foreign  metals  present,  these  parting  with  their 
^^mlphur  more  readily  than  the  copper.  Hence  the  upper  part  of  the 
^Bigot  is  alwoys  the  purest,  and  is  known  as  **  beH  selected  copper,'* 
^Rrbilet  the  under  portion,  containing  the  impurities,  is  known  as  *'  tile 

Mmpptr:' 

^B  ( 5. )  RoaMingfor  hlisiercd  copper, — The  fine  metal  (Cu^S)  is  now  roasted, 
^^■^peby  some  of  the  copper  becomes  converted  into  CuO,  the  sulphur 
^^HpJ^g  aa  80^.  Ilence  the  mass  after  roasting  consists  of  Cu.^.S  and 
^^BnO.  The  temperature  is  now  raised,  when  mutual  decomposition 
^Hkicurs  between  tlie  cuprous  sulphide  and  the  cupric  oxide ^  metallio 
^Kopper  and  sulphurouB  anhydride  (which  escai^es)  being  formed 
^■Oa,^^SH-2CuO=80o-|-4Cu),  Tliis  copper  is  called  ''pimple,^'  or 
^^  hltstercd  copper, ^^  blisters  heiug  formed  upon  it,  by  the  escape  of  the 
r    last  portions  of  the  80jj. 

^^    (6.)  Refining, — This  is  effected  by  melting  the  copper,  bo  as  to  oxidise 
^Bbe  last  traces  of  sulphur  and  of  foreign  metals,  such  as  Fe,  8n,  Pb, 
^■btc.,  present     Some  cuprous  oxide   (OujO)  is  produced  during  IW 
^B|^i9s.  a  i>ort  of  whkh  forms  a  blag  with  any  eaiid  yreaeiiX,  Vii\al^ 


.366 


HAKDBOOK   OF    MODERN   CnEJtlSTET. 


another  part  is  dissolved  by  the  metalHo  copper.   The  preaeac©  of  tixi^^ 
cuprous  oxide  iti  copper  rendera  the  metal  brittle  (•*  dry  copper  ^%     ^H 

(7.)  Tov^hfmng  (poling). — After  the  removal  of  the  slag^ some  anthra- 
cite is  thrown  on  the  surface  of  the  molted  metal,  to  prevent  it 
becoming  further  oxiUiaed,  It  in  then  well  stirred  with  a  pole  of 
young  wood  {pot id),  the  comhustible  gases  given  off  by  the  wood, 
burning  at  the  expense  of  any  oxide  present  in  the  liquid  metal.  The 
presence  of  a  little  suboxide  in  the  metal  ia  said  to  render  it  tougl: 
Hence  **  over-poling  **  (that  is  when  the  whole  of  the  cuprous  oxide  : 
removed),  or  "under-poling*^  (that  ia  where  too  much  is  left), 
both  to  be  avoided.  When  the  copper  ia  properly  poled  it  is  knof 
aa  **  tough  ca^e." 

Id  the  preparation  of  copper  from  the  oxide^  or  from  the  carbonat 
all  that  ia  necessary  is  to  reduce  a  mixture  of  the  copper  salt  wit! 
carbon  and  silica,  in  a  wind  furnace. 

A  pure  copper  may  be  obtained  by  electrolysis,  or  by  heating 
oxide  m  a  current  of  bydrogon. 

Impurities. — Sulphur  (which  injures  the  malleability  of  the  copper]! 
arsenic,  phosphorus  (whtuh  increases  its  hardness),  tin,  antimon;! 
nickel,  bismuth,  silver,  and  selenium,  are  the  ordinary  impurities. 

Properties. — («■)   /%w>i/.     A  red  metal,  having  a  metallic  tasti 
and   a   peculiar  smelL      It  is  found  native,   and   may  be   prepa 
artificially  both  in  cubes  and  in  oetahedra»     It  ia  very  heavy  (Sp. 
8'9),   hard,  ductile,  malleable,   and   sonorous*     It  fuses  at  1996"^! 
(1091°  C),  and  at  a  white  heat  ia  said  to  be  slightly  volatile.     It  iai 
good  conductor  both  of  heat  and  electricity, 

(/?»)    ChemicaL — Copper  is  not  affected  by  air,   dry  or  moist, 
ordinary  temperatures,  hut  it  oxidises  rapidly  in  air  at  a  red  he 
black  scales  of  cuprio  oxide  (GuO)  pealing  off  from  the  surface  of 
metal.   When  finely  divided  it  bums  like  tinder.   In  the  oxybydrog 
blowpipe  the  metal  bums,  rendering  the  flame  green.     It  ia  una 
upon  by  pure  water,  nor  indeed  has  a  current  of  steam  any  actio 
on  the  red-hot  metal.      When  placed  in    solutions   of  cljloridea, 
in    sea-water,    copper   becomes    coated    with   the    green    oxi/chlortd 
(OuCl^,30uO,4H-.0).     Copper  vessels  are,  therefore,   dangerous 
culinary  purposes,  inasmuch  as  a  certain  quantity  of  the  metal 
certain  to  be  dissolved  when  solutions  of  common  salt  or  acids  (sue 
as  vinegar,  rhubarb,  etc.),  or  liquids  containing  fatty  and  oily  matter 
are  boiled  in  contact  with  the  metal. 

Nitric  acid  and  boiling  sulphuric  acid  dissolve  it.    With  the  form^ 
nitric  oxide  (NoO.j)  is  evolved,  and  with  the  latter  sulphurous  anli^ 
dride  (iSO^).      Liquid    bydroehloric  add  acts  upon  tho  metal  whe 
finely  divided,  evolving  hydrogen.     When  a  current  of  hydrochlor 
acid  gas  is  passed  over  the  red-hot  metal,  hydrogen  is  set  free, 
cuijrous  chloride  {Cuj^Cl^)  is  formed.     Ammonia  di^-solvos  copper,  buF 
iJw  £xed  alkalies  have  very  little  action  upon  it.     It  combines  with 
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chlorine  energeticaHy,  thin  loaves  of  metallic  copper  catching  fire  as 
Kxm  as  they  are  exposed  to  the  action  of  the  gas. 

XTses* — ^OT  coinage ;  for  sheathing  ships ;  for  alloys.  The  composi- 
tion of  certain  alloys  is  stated  in  the  following  table,  taken  from 
Bloxam. 


Copper. 

Zinc. 

Tin. 

Iron. 

Nickel. 

Aluminium. 

Brw 

64  0 

36-0 

MontiiDetal 

60  to  70 

40  to  30 

Ovnntn  mlver      . .     . . 

610 

30-5 



— 

18-6 

Aieh  (or  Gedge'a)  metal 

600 

38-2 



1-8 

8tenometal 

650 

42-4 

0-8 

1-8 

Mmetal 

780 

22  0 

Speeidam  metal  ..     .. 

66-6 



33-4 

finmxemetal        ..     .. 

80-0 

4-0 

16-0 

Gnnmetal 

90-6 

9-5 

Bronze  coinage     . . 

960 

1-0 

4  0 

•Alttoiniiiin  bronze 

90-0 

— 

— 

100 

Componnds  of  Copper. 


COMPOUNDS. 


Formula 
(Qeneral). 


Formula 
(Constitutional). 


^ 


^-g^^ 


So 


Proiwrtion 

of  Cu  or  CuO^ 

in  the  Salts. 


Oufnn  hydride        . .     . . 

fCnprooB  quadnntoxide  . . 
Coprpos  oxide  f  red  oxide) . . 
Cnprifl  oxide  (olack  oxide) 
Coprouf  hydrate       . .     . . 

Ci^rie  h jdrmte 

fCuproiit  chloride  (subchlo-  ) 

Lrid«) } 

Coprie  cU(ffide  (chloride) . . 
Hjdiated   coprie  oxjchlo-  I 
,    ride  of  copper f 

[Coneiponiung    bromides 
and  iodides  have  been 
pRnared.J 
Trievpne  nitnde       ..     .. 
Cuprous   sulphide    (copper  1 

jUnce) J 

Caprio  snlpbide 

Coprie  pentasolphide 
Coprie  phosj^hide      .  •     . . 

Coprie  selen:de 

Dopric  sulphate  (bloe  yit- ) 

riol) J 

Topric  nitrate 

lydnted  ozy-oarbonate  of ) 
copper  (asnrite)      . .     . .  / 

lydzated  dibaaie  oubon-  \ 
ate  (malachite)      . .     . .  j 

ykaptic  earbonate  (mjso-  \ 
rin) / 


Cu^Hj 

Cu^O 

Cn,0 

CuO 

4Cu,0.H,0 

CuHjOa 

CujCl, 

CuCl, 

CuCl„3CuHa05 


Cu,S 

CuS 
CiiS, 
Cu,P, 

CuSo^jSHjO 

Cu2N03,6H,0 

2CuC0„CuH,0j 

CuCOyCuH^O, 

2CuO,COg 


JCuH 
jCuH 

'Cu'O 

CuO 

4'Cu',0.0H, 

CuHo, 

'Cu'aCla 

CuCl, 


'Cu',S" 
CuS" 

P,Cu", 

sono,Cuo",4on, 

I  CnoCuo"n„o- 

I  caoCuo"^"^ 

CO(OCuno)a 
CCuo", 


128-8 

142-8 
79-4 


197-8 
134-4 


408-4 

168-8 

96-4 

252-2 

159-4 
187-4 
344-2 
220-8 
202-a 


6-6 

3-37 
305 


6-5 
3-8 


2-26 

3-8 
3-9 


Cu  =  98-44 

Cu=  88-79 
Cu=  79-86 


Cu  =  64-10 
Cu  =  47l7 


Cu=93l4 
Cu  =  79-84 
Cu  =  66-46 

Cu  =  76-41 

CuO  =  31-84 
Cu  =  33-83 
Cu  =  66-22 
Cu  =  67-42 


^^^^^^m  HAKDBOOE  OF   MODBBN  OHSMISTRY. 

^^^^  Compound  of  Ooppkb  and  Hydeookn. 

^*^  Cuprous  bjdrido  ...  ..*  ...  On^H^ 

(1.)  Cuprous  Hydride  (Cn.H,)  ^ 

Preparation. — By  h eat iug  a  cupric   sulphate  Bolution  with    hy 
pho8x>horouB  acid  to  140'-'  F.  (60^  C.)^ 

Properties. — A  black  powder,  evolving  hydrogen  when  heated, 
catches  fire  when   exposed  to  the  action  of  ehlorioe.     Hydroehlor 
acid  forms  with  it  coproiis  chloride,  the  oombination  being  accon 
panied  by  the  evolution  of  hydrogen  (Q\i^B.^'h2B.Cl=Cu^Q]i'^2B.^) 

CoMPOUNua  OF  Copper  adtd  Oxyoen. 

I  Cuprons  quadr autocide     ...         ...         ...         ...  Cu^O. 

Cuprous  oxide  (red  oxide)  ...         .,.  ...  CuaO. 

'  Cupric  oxide  (black  oxide)  ...         ,.,  ...   CuO. 

(2.)  Cuprous  Quadrantoxide  (CU4O).  This  oxide  is  only  knoii  _ 
as  a  green  hydrate,  and  may  be  prepared  by  digesting  in  closed 
vessels,  a  cupric  salt  with  an  excess  of  stannouB  chloride  dissolved  is 
a  large  excess  of  potassic  hydrate. 

(3»)  Cuprous  Oxidei  Snboxuh  or  red  oxide  of  copper  (CnoO). 

AfoltCidar  wii{jht^^l42'B.  Sp^cijic  gravtii/,5'7.  Found  native  in  ociik 
hedrul  ctjstals. 

Preparation, — (L)  By  boiling  grape  sugar  in  a  solution  of  cupr 
sulphate,  containing  an  excess  of  potassic  hydrate. 

(2.)  By  igniting  a  mixture  of  5  parts  of  cupric  oxide  (CuO) 
4  pEirts  of  copper  filings. 

(3.)  By  boiling  a  mixed  solution  of  cupric  sulphate,  sodic  sulphit 
and  sodic  carbonate  (2CuS04+2Na2C03+NagS03=CUiO  +  3Na«80^H 
2C0,). 

(4.)  By  acting  on  an  ammoniacal   solution  of  cnpric   oxide  witl 
metallic  copper,  air  being  excluded,  the  blue  solution  of  CuO  becoE 
the  colorUs»  solution  of  Cu^O  (Cu  +  CuO^CuoO). 

(5.)  As  (1  htfdrtde  {4Cu20,H^O.)  By  decomposing  cuprous  ohlorid 
with  potassic  hydrate. 

Properties, — (a.)  Physical,  A  red  dish -yellow  powder. 

(/3.)  ChernicaL  In  the  moist  state  it  is  slowly  oxidized  by  air.     It  i 
a  feeble  base.     There  are  no  cuprous  oxy-salts  (except  sulphites 
certain  double  sulphites),  the  oxy-acids  decomposing  cuprous  oxidd 
and  forming  a  mixture  of  a  cupric  salt  and  metallic  copper.     The 
nitric  acid  converts   cuprous  oxide  into   cupric   nitrate,  and  hydro- 
chloric acid  into  cuprous  chloride  (Cu^CIs).     It  is  soluble  in  ammonia, 
the  solution  being  colorlessj  but  in  the  jiresence  of  a  mere  trace  of 
oxygen  the  solution  turns  blue  from  the  formation  of  cupric  oxide. 

It  is  slightly  soluble  in  metallic  copper,  which  it  renders  what  Is 
c&Ued  '^dry  "  or  •*  brittle.'' 
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f$, — For  stAined  glass,  to  which  it  imparts  a  fine  red  color. 
(5J  Cupric  Oxide ;  Copper  monoxide;  black  oxide  of  copper  (OuO), 
iMfoUcular  weighty  79-4,     Specific  gravity ^  6*5. 
Pttparation. — (1.)  By  heating  the  metal  in  air, 
(2.)  By  the  ignition  of  cuprio  nitrate  or  carbonate  (2Ca2N03=^ 
:uO+2N«04+05). 

(3.)  (As  a  hydrate,  CugHgOg).    By  adding  potasdic  hydrate  in  excess, 
I  to  a  solution  of  a  cupric  salt.     The  hydrate  (blue)  beoomea  aohydrouB 
(Unck)  by  boiling  in  water* 

Properties, — (a.)  PhymcaL  The  hydrate  (CuH-^j)  has  a  Hght  blue 
oolor,  but  the  anhydrous  compound  is  black.  Heat  has  no  effect  upon 
it  It  ia  insoluble  in  water ^  but  is  soluble  in  oils  and  fata  Henoa 
the  dunger  of  copper  for  culinary  purposes^ 

(/Ij  ChaniiaL — Cupric  oxide  is  a  hygroscopic  body,  abaorbiDg 
^iter  freely  from  the  air,  although  not  soluble  in  water.  It  is 
•frluble  in  most  acids,  forming  cupric  salts  that  are  isomorphous  with 
^ftgnesic  salts.  It  combines  when  fused  with  the  fixed  alkalies.  The 
ijdrate  is  soluble  in  ammonia  water,  foiming  a  blue  solution,  having 
tlie  property  of  dissolving  cellulose,  wliit^h  cellulose  is  reprecipitated 
'  fern  the  solution  by  an  acid.  The  blue  selntiou  is  also  formed  when 
^p«r  filings  are  shaken  up  in  an  ammonia  solution  in  the  presence 
^  air,  a  portion  of  the  ammonia  becoming  oxidised  simultaneously 
""^ith  the  coppier,  white  fumes  of  ammonic  nitrite  being  formed.  It  is 
decomposed  when  heated  in  hydrogen  with  the  evolution  of  heat  and 

CW. — In  organic  combustion  analysis  to  furnish  oxygen*  It  is 
^  to  stain  glass  a  fine  green  color. 


COJCPOUNDS    OF   OoPPEB    AXD    CHLOEEfB, 


Cuprous  chloride 
Chipric  cbloride 


CuaClj. 
CuCI.. 


f7)  Cuprous  Chloride* — Subchhrideof  copper  (CujCI^  or  Cu'tCl^). 
Vf .  Wt.  =  197-8,     Specific  gravity,  3' 3. 

Preparation, — (L)  By  the  actioa  of  hydrochloric  acid  on  copper  in 
f  presence  of  air  (2Cu2-h4HCH-05=2CyiCL-f  2H2O). 
(2.)  By  distilling  one  part  of  copper  filings  with  two  parta  of  mer- 
ric  chloride. 

1(3.)  By  boiling  together  cupric  chloride  and  sugar. 
[{4.)  By  heating  diy  cupric  chloride  in  a  current  of  dry  ammonia. 
[(5.)  By  the  action  of  stannous  chloride  on   a  cupric  salt  {2CuCl, 
5nCl,=CasCL  +  SnCl^). 
fPtt>penie4, — (a,)  Physical,     A  white  compound,  turning  grey  when 
aed  and  exposed  to  light.     It  may  be  obtained  in  tetrahedral 
ajUalA.    It  fuses  when  heated  to  a  yellow  mass.    It  la  inaolubl^  m 
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(/3.)  ChemkaL  Hydroehloiic  acid  dis&olvea  it*  Tlie  colorleflvH^ 
tioa  thus  formed  throws  down  cuprous  cblonde  on  the  addition  oj 
water.  The  add  solution  readily  absorbs  carbonic  oxide,  £rom  which 
solution  the  cryetallino  compound  (4CUoC]g,3CO,7HaO)  may  b©  ob- 
tained. It  also  absorbs  oxygen,  when  the  solution  becomes  brown  and 
deposits  a  green  cupric  oxychlorido  (CuCl2,3CuO,4H50j,  known  aa 
"  Brvnswivk  green,'*  This  latter  substance  is  also  found  native  (ataca- 
ndte). 

Ammonia  solution  dissolves  it^  fornuDg  (air  being  excluded)  a 
colorless  liquid.  This  solution  rapidly  absorbs  oxygen,  when  it  becomoB 
deep  blue.  It  gives  a  red  precipitate  with  acetylene,  for  which  it 
constitutes  a  delicate  test.  With  argentic  nitrate  it  deposits  silver,  tb| 
ammonia  holding  the  silver  chloride  and  copper  nitrate  in  soluti 
Cu.CL; + 4  AgNO  3= 2(Cu2N05)  +  2AgCl  -f  Ag^. 

Cuprous  chloride  is  soluble  in  potassic  chloride,  forming  with  I 
the  double  salt  (4KClj0ii.,C]2).    It  is  also  soluble  in  ammonic  chlorid 
white  dodecahedral  crystals  of  CunCl^  (NH^)^  being  deposited  fto^ 
the  fresh  solution,  or,  if  after  prolonged  exposure  to  air,  blue  cubii 
crystals  of  Cu'^Cl,(NH;)„,2Nn^Cl, 

(8.)  Cupric  Chhrid^.— Chloride  of  copper  (CuCI^). 

Preparation. — (L)  By  dissolving  cupric  oxide  in  hydrochloric  i 
and  crystallizing  (^OuCl^/iHoO). 

(2.)  By  the  spontaneous  combustion  of  copper  in  chlorine. 

Properties. — Green  delicjuescent  crystals  (specific  gravity,  2 '5), 
coming  blue  when  dried.  The  »ftlt  fuses  and  is  decomposed  by  heat  i 
chlorine  and  cuprous  chloride.     It  is  very  soluble  both  iu  alcohol  i 
in  water,   the   aqueous  solution  being  green  when  concentrated 
blue  when  dilute.     The  spirit  solution  burns  with  a  gi'cen  llame. 
forms  double  salts  with  the  alkaline  chlorides. 

Cuprous  Broinide  or  mhhromitk   of  copper  (CugBrj)   and   Cupl 

Bromide  (CuBr^),  Cuprous  Iodide  t>r  sahiodidt  ofcopptr  (Cu^Io>HiC 

a  white  insoluble  powder,   aad  Cupric  Iodide  (C^^I^),   have  be 
prepared. 

(la)  Tricupric  Nitride  (CucN,). 

Prepm^alion.—By  passing  ammonia  gas  over  cupric  oxide  heatl 
to  482°  F.  (250°  a> 

The  nitride  is  a  dark  green  powder. 

■  OoMrOtTNDS    OF   Coi'PER   ANH   StJLPHTTE. 

■  Cuprous  sulphide         ...         .»,         ...         Cu^S. 
H  Cupric  sulphide  „  OuS. 

■  Cupric  pentasulphide  CuSg. 

(11.)  Cuprous  Svl^hide.—Suhmlphiik  of  copper  (the  **  fine  met 

of  the  copper  smelter)  (Cu^S).  This  body  is  found  native  in  six-sided 
prisms^  aa  *' copper  glance^*  or  ^' Hedruthite."  Copper  pyrita  ia^ 
fuprous-femc-sulphido  (CunS^FeoS^).  I 


^^^^^^^^  mrFEIO  OXTSALTS.  ^^K^^^^H^K^f^ 

^^WPfflMK^By  meltiag  together  three  parts  of  sulphur  and  eight 
of  copper. 

Proptrtm. — ^Fuaible  by  heat  (8p,  Gr.  5'5).  Soluble  (with  decompo- 
Rtion)  in  nitric  acid  and  in  aqua  regia,  but  insoluble  in  hydrochloric 
ML 

(12,)  Cupric  Sulphide* — Sulphide  of  copper  (OuS).     Found  native 
,  ftfl*'  indigo  copper/*  **  blue  copper/*  or  •*  covellin/' 

Preparation, — (As  a  hydrate.)  By  precipitating   cupric  salts  with 
iljiharetted  hydrogen* 
Propflrties, — The  hydrated  cupric  sulphide,  by  exposure  to  air, 

'  becomes  sulphate.     It  is  soluble  in  nitric  acid. 
(13,)  Cujpric  Pentasulphide  (OuS^). 

Pnparatian, — By  decomposing  a  cupric  salt  with  an  olkaliEe  penta- 
ilpliide, 

i^pertie^, — ^A  black  precipitate,  insoluble  in  potassic  carbonate, 
(li)  Cupric  Phosphide*— i'Aos^/AiV/d  of  copper  (Cu^Fg). 
Prtparation. — By  boiling  phosphorus  in  a  cupric  sulphate  solution. 
Proper  ties, — A  black   substance,    decomposed  by  heat   (3CugPj= 
l^u*p2+2Po)*     Phosphoretted  hydrogen  is  evolyed  when  it  is  added 
>  4  eolution  of  potassic  cyanide. 

Cupric  OxyBalts, 

fl6.)  Cupric  Sulphate.— >'^'«^i'Aat«  of  copper;  blue  vitriol;  blue  stone; 
Jiyicoppenu  (Cu80t,5Il,0). 

UolemloT  weighty  169'4  +  90.    Specif  c  gram'tif,  nryBlaU,  2*25,     Anh^- 

'  htiparalion — (1.)  By  diasolving  the  metal  or  its  oxide  in  sulphuric 

(2.)  By  oxidising  the  sulphide. 

I  (3.)  Ab  a  secondary  product  in  the  refining  of  silver  {vide  silver) ; 
^  cupric  sulphate  being  formed  from  the  copper  plates  used  to  throw 
jWn  the  silver  from  its  solutiou  as  a  sulphato. 
>  Properties, — ^It  is  found  in  the   form  of  transparent,  blue,  doubly 
^ue  crystals  (CJuSO^^aH^O).     When  these  are  heated  to  212^  E, 
'  C.)  they  become  CuSO^^HjfO,  and  at  392°  F.  (200°  C.)  the  salt 
es  to  a  white   anhydrous  powder  (CuSO^),     (This  last  H^O 
deeule  is  regarded  as  water  of  constitution,  the  rest  as  water  of 
ation.)     The  anhydrous  white  salt  combines  energetically 
I  water,  the  blue  salt  being  thereby  formed  and  great  heat  evolved. 
I  a  high  temperature  it  is  converted  into  cupric  oxide,  oxygen  and 
^phuroas  anhydride  being  evolved. 

The  crystals  are  insoluble  in  alcohol,  but  soluble  in  water  (1  in  4  at 
W  P.,  1  in  2  at  212'"  P).     The  solution  is  acid. 

Potassic  hydrate,  added  to  a  solution  of  the  salt,  throws  down  a\i\u^ 
^fdMiod  cupric  oxide  or  *'blue  verd/eer  "  (CuH/J^J.    The  ^ti^i^^^ 
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crystals  rapidly  absorb  hydrochlorio  aoid  gas»  witb  67o1utioii  of 

The  aahydrous  salt  rapidly  absorbs  ammonm  gas 

(Rose).     With  the  salphates  of  aiamomum   a    ^  ^ 

sulphate  forms  double  salts,  isomorphous  with  the  correspond 

magnesium  salts — 


(C'^"5?H0,!(^***>«*^*^)- 


SsTeral  basic  cupric  sulpbates  are  known :  of  these  may  be  meiitio 
ed  a  tn'basie  sulphate,  CuS04/20uHgO^»  and  brockantite,  CttSO^.aCuHjjC 

The  ammonh-svlphate  of  copper  (Cu80»,4NH,,H50)  is  formed 
a  solution  of  cupric  sulphate  containing  an  excess  of  ammonia  ib  i 
fully  eraporated  to  dryness. 

(17. )  Cupric  Nitrate  (Ca2N03.6H,0). 

Preparation, — By  dissolving  copper  in  nitric  acid. 

Froperties.^A  blue  crystalline  deliquescent  salt,  solulJe  in  al*x»h(i 
decomposed  by  a  slight  heat  into  an  insoluble  basic  nitrate  i  Cul^Xfj 
SCuH^Og),  and  by  an  inUme  beat  into  the  black  oxide  (Cud 

Cupric  Arscuitd  or  Sc heelers  green  (CuHAsO^)  is  a  green  j  ravi 
prepared  by  the  action  of  an  alkaline  arsenite  on  a  tuprir  salt, 
mixture  of  cupric  arsenite  and  acetate  (3CaAjS20^»Cu2CsH^O^)  coo 
tutes  "  Sehweinfurt  green," 

Basic  pkoiphaies  of  copper  are  found  native  as  tagilite  and  libethemfl 

The  cupric  carbonates  known,  are  a  hydra  ted  oxycarhotuite  or  **  cbe 
lite"  (2CuC03,CuH^Og ;  8p.  Gr.  3-8),  and  a  kydraUd  dihojsic  <>arbon 
or  "  malachite  "  (OuCOj^CuH^Oo  ;  Sp.  Gr.  3-7).     *' Mineral   green 
has  the  same  composition  as  this  latter  compound,  and  is  prepared  I 
acting  on  a  solution  of  cupric  sulphate  with  sodic  carbonate.     If  i 
precipitate  be  boiled  in  the  solution,  CuO  is  formed. 

Rmciiom  of  Copper. — (^Sce  Analytical  Table.) 


BISMUTH  (Bi"). 

Atomic  weiffhtf  210.  Speci/c  $ravi%  9*83.   Fv^$»  at  507*2'^  F.  (264^1 
Atomiciiy,  Triad  {as  in  bi^imuthom  compounds)  (Bi'^ClJ  ;  and  Bm 
{as  in  bismuthic  comjjounds  (Bi^gO^)* 

I^Eturitl  History. — Biamutb  is  commonly  found  in  a  iroe  aU 
but  it  also  occurs  as  an  o,ride  (Bi^O,)  as  *^  bismuth  oeUre,"  and 
sulphide}  (Bi^Sj)  as  ^'bismuth  glance."     These  two  last minerala 
rare, 

Preparatiou. — By  simple  fusion  of  the  ore  in  inclined  iitm  cyi 
Thus  prepared,  bismuth  usually  contains  certain  i^, 

arsenic,  sulphur,  aud  silver,  the  latter  being  frequ      ._ 
cupellation. 
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>perti66.— (a.)  Phy^icaL  A  hard,  brittle,  reddish-white  metal, 
lUizing  in  large  cubes.  It  is  slightly  yolatile  at  high  tem- 
ores.  It  fuses  at  507^  F.  (264°  0.),  expanding  at  the  moment  of 
fication.  Its  admixture  with  other  metals  frequently  lowers  their 
I  point  to  a  remarkable  extent. 

)  Chemical.  Bismuth  is  only  slightly  affected  by  air  at  ordinary 
eratureSy  but  it  oxidizes  rapidly  when  made  red-hot.  Nitric 
dissolves  it  freely ;  boiling  sulphuric  add  oxidizes  it,  SO^  being 
ed ;  hydrochloric  add  and  dilute  sulphuric  acid  have  no  action 
.  it  It  combines  rapidly  with  chlorine,  bromine,  iodine,  and 
ior. 

0  compound  of  bismuth  with  hydrogen  is  known. 

866.— For  alloys.  Its  use  in  type  metal  depends  on  its  property  of 
inding  as  it  solidifies,  thereby  increasing  the  sharpness  of  the 
reasion. 

1  solder,  its  use  depends  on  its  power  of  lowering  the  fusing  point 
lie  alloy. 


Compounds  of  Bismnth. 


SALTS. 

Formula 
(OeneraL) 

Formula 
(Constitution.) 

» 

Bi.  per 
cent. 

BibifmTithoiis     di- 

JBiO 
BiO 

oxide 

Bi,0, 

448*0 

92-85 

Bumathons     oxide 

Bi,0, 

Bi,0, 

468-0 

8-211 

89-74 

DOnsmutkio  tetrox- 

ide     

YsJSf- 

Bii%0, 

480-0 

8666 

Binnnthio  oxide  or 

•nhydiide  . .     . . 

Bi,0, 

496-0 

83-87 

Sumuthons  chloride 

(trichloride)      .. 

BiCl, 

BiCl, 

314-5 

4-56 

66-13 

iismathoue      oxy- 

ehloride     ..     .. 

BiClO 

BiOCl 

269-6 

80-15 

Hbimiitthonstetra. 

ohknide    (dichlo- 

BiCl, 
BiCl, 

ri^) 

Bi,Cl, 

668-0 

74-65 

HgnrathooBbroimde 

BiBr, 

BiBr, 

448-0 

46-42 

„         oxyhio. 

mide 

BiOBr 

304-0 

68-42 

Bil, 
BilO 

Bil, 
BiOl 

589-0 

36-31 

„       oxyiodide 

3510 

59-25 

„       fluoride 

BiP, 

BiF, 

265-0 

78-49 

pKde 

BiA 

'B'^.S", 

480-0 

86-66 

tioDutboiuimlphide 

B*: 

Bi,S', 
(NO,-;" 

512-0 

81-25 

M        mtnto 

Bi3NO„6H,0 

N0,Bio'",6H,0 

394-0 

2•^^6 

I    w-n^ 

/ 

/ 

\no,ji 

\ 
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CoMToinma  op  BrsMtrm  wrra  Oxtokn  akd  Htdboxtl. 

Dibiamutlious  dioxide Bi^O^j   IS 

Bismuthoiis  oxide  Bi^O^ ;     Bi^ 


[Metabismutlioua  acid  (BigO^HsO)— HBiO^  or  BiOHo] 

Bismuthio  oxide  or  anhydride Bi^Oj  ;  BiaO^ 

[Metabiamuthic  add  {Bi^05,H,,0)=HBiO.,  or  BiO.HoJ 
Dibiemuthic  tetroxide     1 

or  V  (Bj A.Bi A)  or  BLO4 ;  'Bi^'^O^. 

Bismutbou9  bismuthate  J 

fl.)   Dibismuthous  Dioxide  (BieO^).   Prcparatiati.  By  redadug 
bismutboua  chloride  with  stannoua  chloride  in  the  presence  of 
excess  of  potash. 

Properties, — It  burns  freely,  forming  Bi A* 

(2,)  Bismuthous  Oxide ;  Sa3quiojdd4f  or  THaseide  qf  Bismuth  (Bi^C 

Mohadar  iveight,  468.     Specific  graviiy^  8*2. 

It  is  found  native  as  **  bismuth -ochre/* 

Preparation, — ( 1 . )  By  heating  bismuth  in  air,     (2*)  By  igniting  \ 
nitrate  or  carbonate. 

Properties. — A  yeUow,  easily  fusible  powder,  soluble   in  HCI, 
HNO5,  and  in  H^SO^,  forming  himiuihous  chloride  (BiC7l3),  bisfim 
nitrate  (Bi  3(N0,i)  ),  and  bimnuthom  mlpfmt^  (Bl^  3(804) )  respectiv 
Ammonia  precipitates  the  oxide  as  a  hydrate  from  the  solution 
salt  of  bismuth  (Bi^O^ELO). 

(3.)  Metabismuthous  Acid  (Bi,0„Hp=.HBiO,=-BiOHo). 

Preparation. — By  adding  ammonia  to   a   solution  of  bismutlui 
nitrate  in  dilute  nitrio  acid*     When  heated,  a  residue  of  BigO, 
mains.     By  the  fueion  of  BioOj  with  sodic  carbonate,  a  9odie 
bisfnuthite  (NaBiOo)  is  formed. 

(4,)  Bismnthic  Oxide  ;  Pentoxid^  or  Anhj^dride  (BijGs). 

Preparation. ^^a,)  When  bismuthous  oxide,  suspended  in  a 
tion  of  potaesic  hydrate,  is  treated  with  chlorine^  meialnimuUac 
(HBiOj)  is  formed. 

4KH0  +201^+     BiA      =     SHBiO^      +  4KC1    +    H/ 
PotAssio  +  CUofine  +  Bismuthous  ^  Met&bUmuthic  -^  PotA£aio   +  Wftli 
hjdratti  otido  acid  chloride 

(/3,)  By  heating  the  2lIBi03  (=BiA,HsO)  to  269'' R  (132^^ 
the  HgO  is  expelled  and  hismutkic  oxide  remains. 

Pfvperties. — A  red  powder,  decomposed  by  heat  fiBLO^^  B ' 
(or  2Bi304)  +  05)  into  bismuthous  bismtdhate.     When  bismur 
is  heated  in  a  current  of  hydrogen,  Bi^O,  is  formed.    Heated  witli^ 
hydrochloric  acid  it  forms  bismuthous  chloride,  chlorine  being  cv  ' 
(BiA+l^na=2BiCl,+5n30  +  2Cls>    When    treated  wilh 
or  with  sulphuric  acids  a  bismuthous  nitrate  or  sulphat-0  is  1 
aoeordingly,   oxygen   being    Uberated    (Bi^O- ^  •^MNO,— 2Bi3*SL  , 
3HjO4-O,0. 


0XTSALT8  OF  BIBHITIH, 


Metabismuthic  Acid  (Bi«05,H20=HBi03  or  BiO^Ho). 

Prfparatwn,—  Vi(k  (a),  under  bismuthic  oxide.     The  compounds  of 
tliia  acid  are  yery  unstable. 


i 


CoicpouKDa  OF  BisHtrrH  anb  CirLosnra. 


BismuthouB  chloride        ,,,         *..         ...        Bids. 
Diblsmulhoiijs  tetrachloride         ..,         ...         Bi^Olj. 

(5,)  MsmuthoXlBChloriie,-~Tnchlonde(f/ bismuth  (BiCl3=:316-5). 
Molecular  weight  f  316*5.    Spectre  gravitt/  of  solid,  4*56  ;  o/vapOTt  1M6, 

'or  tolumet  |    |    |  . 
Preparation. — (1.)  By  heating  bismuth  in  a  current  of  chlorine 
^i,+3Cl,=:2BiCl^). 
(2.)  By  dietiUing 


a  mijcture  of  bismuth  and  mercuric   chloride 


^-^6^gCfL=2BiCl3^-3'Hg^,cl,). 

(3.)  By  distilling  a  solution  of  bismuth  in  nitro- hydrochloric  acid. 
Properties.— A  fusible,  Tola  tile,  deliquescent  solid.  It  is  soluble  in 
lute  hydrochloric  acid,  but  is  decomposed  by  pure  water  into 
smuthous  oxychlonde  [3BiC10  =  (BiCl^pBijO,,)],  or  "pearl  white," 
id  hydrochloric  acid  (BiCl3  +  Hs.O=BiCio+2HCl).  The  oxychloride 
is  iziBoIuble  in  tartaric  acidj  or  in  ammonic  sulphide. 


COMPOUKDB   OF  BiSMUTH  AHD   StJLFHTTB. 


Bi,,8o 


"Bi"^S" 

Slab  o* 


^m         Dibismuthous  disulphide 

V         Bismuthous  sulphide  ...        Bi<;8:i 

W  Dibismuthous  Disulpbide   (BisS^)  is  found  native,  and  may  be 

prepared  by  fusing  together  sulphur  and  bismuth. 

(13, 14,)  Bifimuthous  Sulphide  (Bi2S:,=516)  is  found  native  as 

**  bismuth  glance." 

^mPnp€iration, — (1.)  By  fusing  together  sulphur  and  bismuth  in 
^■oper  proportions, 

■  (2.)  By  passing  sulphuretted  hydrogen  through  a  bismuth  solution 
■Bia^+8n,S=Bi.Ai+6HCl). 

^mProperties. — A  fusible,  dark  grey,  heavy  substance  (8p.  Gr.  6*4). 
H|  is  soluble  in  nitric  acid,  but  is  insoluble  in  either  dilute  sulphuric^ 
w  hydrochloric  acids,  or  in  the  alkaline  hydrates  or  sulph-hydratea. 

OXYSALTS  OF  BlSHUTH. 

f(15.)  Bismuthous  Nitrate  (BiaNO,,  5H,O=396+90,  Sp.  Gr.  2-3). 

rrtjtaration. — By  dissolving  the  metal  in  nitric  acid* 
fPropertitf, — ^When  the  acid  solution  is  acted  on  with  a  quantity  of 
r,  a  precipitate  is  thrown  down  of  a  haste  nitrate ^  subnitrate,  or 
litraU  of  bismuth  (flake  white;  magistery  of  bismuth)  (Bi3N0^, 
»H,0)- 

rf  Bismuth, — (Sf€  ANALTnoiX  Tables.) 
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CABMHTM  (Cd"). 
Atomic  and  molecular  weighty  112*     Specific  gravity ^  8*604.     Fasti  at 
442°  F.  (228^  C).     Boih  at   1580^  F.  (860°  C).     Atomicity,  d^ad 
(CdCLi ;  CdO). 

History* — Discovered  by  Stromeyer  (181R). 

Natural  History* — Cadmium  is  found  in  zinc  ores,  and  also  as  a 
Bulphide  ( Green ockite). 

PreparatlOll. — When  zino  or©  is  distilled,  the  cadnuum  (a  oonstan^ 
accompaninaent  of  zinc)  passes  over  first,  owing  to  ita  greate 
volatility,  its  presence  being  indicated  by  a  broicn  flame  (brof 
blaze).  The  distillate  thus  obtained  (a  mixture  of  oadmium  and 
jsine)  is  dissolved  in  dilute  sulphuric  acid,  and  H^S  passed  through' 
the  solution.  The  yellow  precipitate  of  CdS  formed,  is  thea 
dissolved  in  hydrochloric  acid,  to  which  an  excess  of  amnionic  carbo- 
nate is  added.  The  precipitated  carbonate  of  cadmium  (CdCO;j),  on 
ignition  becomes  CdO,  horn  which  the  metal  may  be  obtained  by 
distillation  with  charcoal. 

Properties* — (".)  Ph/sind,  A  white,  soft,  crystalline  metal,  mark- 
ing paper  like  lead,  and  crackling  when  bent  like  tin.  At  commoo 
temperatures  it  is  both  malleable  and  ductile,  but  when  heated  to 
176°  F.  (80° C.)  it  becomes  brittle.  It  fuses  at  442°  F.  (228^  C.)  The 
cadmium  atom  appears  to  occupy  in  the  state  of  vapor  twice  the  spaoe 
of  the  hydrogen  atom. 

(/3.)  UhemktiL — At  ordinary  temperatures  air  has  no  action  upon  the 
metal,  but  it  burns  with  a  brown  flame  J  when  heated,  CdO  being 
formed.  The  metal  is  dissolved  by  the  mineral  acids  when  heate<l 
with  them,  hydrogen  being  evolved. 

ITseSt^-Ite  presence  in  alloys  reduces  the  fusing  point  of  the  alloyt 
without  impairing  the  toughness  or  the  malleability  of  the  compound- 

OOMPOUTTDS   OF   CaDMKTM    WITH   OXYOEIT,    WTTH   THE   HAIiOmS, 

^M  AND   WITH   StTLPHim.  ^ 

^K  Cadmie  oxide  CdO 

^F  Cadmie  chloride        CdClg, 

Cadmie  sulphide       ...         , , .        Cd8. 
Cadmic  Oxide  (CdO=12H)  is  a  brown  powder,  prepared  eithe 
by  burning  the  metal  in  air,  or  by  igniting  the  nitrate.     A  cadmi6 
h/ch-ate  (CdH^O^)  is  formed  by  precipitating  a  cadmie  salt  with  pot 
hydrate, 

Cadmie  Chloride  (OdCl^,2TlM),  Cadmic  Iodide  (a  salt  used 

photography),  and  CadmiC  Sulphide  (CdS=144}  (Oreenockite),  a 
bright  yellow  pigment  of  great  purity  and  permanenee,  have  been 
prepared.  The  yellow  cadmic  sulphide  may  be  known  from  the  yel- 
low orpiment  by  being  non- volatile,  and  insoluble  in  ammonic  sulphide, 
£eactlQm  of  Cadmium. — {Set  Analytioai*  Tajle.) 


PALULDnTM. 
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^m  PALLADIITM  (Pr=i06-5),  I 

BRmc  Ufet^ht^  106*5.  Speajic  gramtt/,  IV6,  Fusing  point,  2480°  F., 
I  (1360^0.).  Atomkiti/j  dyad  (")  as  in  palladiQus  cmnponnds^  {e.g,f 
I       PdCl^) ;  rarelif  tetrad  (*^)  as  in  palladic  compottnd^  (PdOli).  i 

I  History. — Discovered  by  WoUaaton  (180S)  in  platinum  ores 
P>'5  to  1  per  cent,). 

Natural  History.— ^ound  asBOciatewl  with  platinum  and  gold. 
Extraction* — (a*)  Extraction  from  platinum  ores.  After  the  platinum 
"haa  been    precipitated  from  its   solution  by  ammomc  chloride,   the 
filtrate  is  neutralixsed    and  the  palladium    precipitated   as  palladio      J 
^^mide  with  mercuric  cyanide.     This  precipitate  of  palladic  cyanide      ' 
collected  and  heated  to  redness,  the  spongy  palladium  thus  ob- 
Qsd  being  afterwards  heated,  hammered,  and  welded.  i 

i)  Extraction  from  gold  ore^, — The  gold  ore  is  first  fused  with  ' 
Urer.  The  fused  mass  is  then  boiled  with  nitric  acid,  whereby  the 
lg»ld  IB  separated  as  an  insoluble  precipitate.  The  silver  in  the  solu- 
jtioii  is  then  precipitated  with  sodic  chloride.  The  lead,  copper,  and 
ffiUudium  are  afterwards  separated  from  the  filtrate  by  placing  a 
?iece  of  metallic  zinc  in  the  liquid.  The  mixed  precipitate  thus 
pltaiued  is  then  dissolved  in  nitric  acid,  from  which  the  lead  is  pre- 
Bipitiited  by  ammonia,  leaving  the  copper  and  the  palladium  only  in 
Iiolution.  The  palladium  is  then  precipitated  as  hf/drorhlorate  of  pal- 
Ikdmim  (Pd^NgH^/iHCl)  by  the  addition  of  hydrochloric  acid  in 
Tttceis.     This  precipitate,  when  heated,  leaves  the  pure  metal  . 

Properties, — (a.)  Physical  A  hard,  white  metal,  malleable  and 
'  ductile,  harder  and  lighter  than  platinum  (Sp,  Gr,  11  *6).  It  is  volatile  ^ 
l«t  a  high  temperature,  when  it  evolves  green  vapors.  At  a  red 
[l«at  the  metal  absorbs  oxygen,  but  liberates  it  again  on  cooling, 
|it  poaaesses  the  property  of  absorbing  many  times  its  volume  of 
ikydiogen,  giving  it  out  again  at  high  temperatures.  This  property 
['•far  more  marked  in  the  /iriMw^nv/ palladium,  which  will  absorb  640 
ItiiDae  its  volume  of  hydrogen,  than  with  the  fused  metal,  which  only 
I^Whs    68  times  its  bulk. — ("Proceedings  Eoyal  Society,**  June, 

(^3.)  Chemical.  Palladium  is  unaffected  by  air  at  ordinary  tern- 
Pwatures.     At  a  low  red  heat  it  becomes  oxidized ;  but  at  a  higher  tem- 
perature the  oxide  formed  at  the  lower  temperature  is  reduced.     It  is 
I  iolttble  in  nitric  acid,  forming  palladious  nitrate  (Pd(N03)^),  and  also 
llo  iqiia  regia.     It  is  oxidized  by  fusion  with  the  caustic  alkalies,  nitre, 
|rtc.     It    combines  with  iodine,  forming    palladious  iodide  fPdIg). 
ETsQce,  if  an  alcoholic  solution  of  iodine  be  evaporated  on  palladium^ 
I  stain  of  Pdlr,  is  produced,  a  reaction  which  serves  to  distinguish  palla- 
iiim  from  platinum.     It  forms  a  carbide  when  heated  in  the  flame  of  a 
lamp.  With  gold  ( I  Pd  and  4  Au)  it  forms  a  perfectly  wlaite  W\\\\^ 
with  silver  (lPda22d2Ag)  it  forms  a  white  imoxidizaVAe  ttSio^  oi 
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great  ductility,  and  useful  for  emAll  weights ;  and  with    tin  (1] 

aad  SSa^^PdjSti^)  it  forms  an  allof  of  great  brilliaBcjr, 


Compounds  of  PalladimiL 


SALTS. 


(GeneraJ). 


Formtila 

(Comrtitii- 

tioaiU). 


if 


Pd 

percealif 


1.  S    (  Suboxide  of  palladium. . 

2.  rS     ]  PaUttdiouB  oxide  . ,     * . 

3.  o     (  PaUndic  oxide       . .     . . 

4.  o  s  f  Palkdioua  chloride 
6.  §  3  I  Palladic  chloride  . . 

6,  PalladiouB  Iodide.. 

7,  Palladious  cyanide 

8,  I  tg  (  SuhsulphidG  of  palladiom 
9.*33  J  Palladioaa  sulphide 

10.  ^  'g,  <  PaUadic  sulphide  . .      . , 


Pd-0 

Pdb 

PdO, 

PdCL 
I'dCl^ 

Pdl^ 

PdCy, 

Pd-8 
PdS 
PdSj 


Td,0 

Pd'O 
Pd»^0, 

prci, 

Pd*'Cl^ 
PdT, 

Pd'%, 

'Pd'S 
Pd'^3 
Pd^'S, 


229  0 
122^5 
138^5 

177'5 

168-6 

246^0 
138-6 
170*6 


6246 


(1.)  The  Snboride  of  Palladitim  (V^fi)  i«  prepared  hy  heating 

hydrated  palladious  oxide  (I'dH^O^)   to  redness* 

(2.)  Palladious  Oxide  (PdO)  is  prepared  as  a  f^rown  hydntii 
(PdH^Oo)  soluble  in  acids  and  in  alkalies,  by  adding  potassio  car- 
bonate to  a  palladious  salt,  or  in  an  anhf/drons  form,  either  by  heat* 
ing  the  hydrate,  or  by  the  ignition  of  the  nitrate. 

(3,)  Palladic  Oxide   (PdO^)   Is    prepared  as  a  yellowish-brown 
hydrate(  Pd'^H404)  by  acting  on  potaasic  palla(lic-chloride(  2KCl,Pd( 
witli   a  solution  of  potaseic   hydrate.     It  may  be   obtained   in 
anhydrous  form  as  a  black  powder  by  boiling  the  hydrate  in  water* 

(4.)  Palladious  Chloride  ;  Chloride  of  Palladium.  (lM"Cle=177-. 

Frepirittion, — By  evaporating  a  solution  of  the  metal  to  dryness. 

Properties. — The  hydrate  is  brown,  and  the   anhydrous  oompoun 
black.     It  is  decomposed  by  heat,  the  metal  beiug  reduced.     It  fo 
double  salts  of  a  dark  green  color  with  the  alkaline  and  with  otli€ 
metallic  chlorides.     With  ammonia  it  forms  a  series  of  compounda" 
similar  to  those   formed  by  platinum^   palladamine  being  isome 
with  platinamine,  etc,  (See  page  406.) 

(50  Palladic  Chloride  (Pd^^Cl^)  is  only  known  in  solutiuu* 

forms  double  salts  with  the  alkaline  chlorides,  as  f.^»,  the  red, 
somewhat  insoluble  salt  (2KCUPdCl4.)     It  is  easily  decomposed  ii 
palladious  chloride  and  free  chlorine* 

(6.)  PaUadious  Iodide  (rd%). 

Preparation, — Bj  the  action  of  a  soluble  iodide  on  a  solublo  pa 
dious  salt. 

Propertiis, — A  black  substance,  insoluble  either  in  wateri  aniTnool 


BHOI 


vr  in  an  excesa  of  potassic  iodide.     It  is  decomposed  by  a  beat  of 

[N*B. — In  the  laboratory,  palladium  salta  are  used  for  the  estima- 
tion of  iodine,  as  they  do  not  precipitate  either  chlorine  or  bromine.] 

(7.)  Palladious  Cyanide  (Pd' Cy,). 

PrtpnTxition. — By  acting  on  neutral  solutiona  of  palladious  ealta 
vitli  potadeic  or  mercuric  cyanide. 

Properties. — A  yellow  substance^  soluble  in  ammonia,  in  acids,  and 
in  an  excess  of  potassic  cyanide. 

(9.)  PaUadioUB  Sulphide  (Td^'S)  is  fonned  by  precipitating  a 
p&Uadious  salt  with  sulphuretted  hydrogen.  It  is  insoluble  in  ammo- 
^c  sulphide* 

Meoctums  of  Palhdima  Compmtnds, 

1.  Suiphnntted  hydrogm;  a  black  ppt.  (Pd'^S),  insoluble  in  ommonic 
Sulphide. 

2.  Mercuric  etfonide;  a  yellow  ppt.  (Pd'^Oyg)  in  neutral  solutions. 

3.  Potas$ic  iodide;  a  black  ppt.  (Pd"I^),  soluble  in  excess. 

4.  PotOisic  and  sodic  hydrates;    a   red  or  brown  ppt.,  soluble  in 


■      3.  Pi 

m*.p, 


5*  Potosiic  and  iodic  carbonates ;  a  brown  precipitate  of  Pd'^gO^i 
^ith  salts  of  Pd". 

6,  AmtfHmia  andammonie  carbonates;  a  flesh-colored  ppt.  with  Pd^'Olj, 
^tible  in  excess  of  ammonia. 

rEtUmaUon  ofpuUadium  as  paliadious  iodide : — 100  gra =29*64  Pd. 
'  EHODIXIM  (Rh-104-3). 

*peafic  gravit^t    l^'l.     From    its  analogij^   regarded  as  a  tetrad  {'^) 
gigt0j.y ^—Discovered  by  Wollaston  (1803). 
Natural  History, — ^Found  in  platinum  ores  (0-5  per  cent.). 
Extraction. — It  is  obtained  from  the  solution  of  the  platinum  ore. 
B  filtrate,  after  the  extraction  of  the  platinum  (by  Nn^Cl)  and  of 
palladium  (by  mercuric  cyanide),  is  acidulated  with  hydrochloric 
-ftdd*     Sodic  chloride  is  then  added,  and  the  lif^uid  evaporated  to  dry- 
^«ai.   On  treating  the  residue  with  alcohol  (Sp.  Gr.  0*837)  everything 
^  dissolved,  eixoept  the  double  chloride  of  rhodium  and  sodium^ — 

(R\Cl(»  6NaCl,  24H5O), 
"^hich  remains  as  a  red  powder.   From  this  compound,  metallic  rho- 
diam  may  be  obtained,  either  by  placing  bars  of  zinc  in  a  solution  of 
tte  compound,  or  by  heating  the  dry  salt  itself  in  a  current  of  hydro- 
8^,  the  sodic  chloride  being  afterwards  removed  hj  washing. 

Properties* — («0  PhjBieaL  A  white  hard  brittle  metal  (8p.  Gr. 
12'1),  It  requires  a  greater  heat  for  itsfiiflion,  than  even '(\a^UT[i* 
It  iheofbA  oxygen  when  melted. 


1 


sao 
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{ft,)  ChemicaL — It  is  oxidised  when  heated  in  air.  It  18  ineolubU 
in  acids  if  pure,  but  is  soluble  in  oitro-hydrochloric  acid,  when  alloyed^ 
with  platinum^  lead,  ett*.,  provided  theae  latter  metals  be  present  in 
excess.  It  combines  with  sulphur  by  heat  (RhS).  It  is  dissolred 
when  fused  with  potassic  nitrate.  By  fusion  with  hydric  potaseic 
sulphatO)  a  soluble  potassic  rhodtc  sulphate  (KBh2804)  is  formed. 

Compounds  of  Bhodinm, 


SALTS, 

Formula 

(Gtmenl}. 

2. 

3. 

5 

^   Ojddea.  H 

-Protoxide  of  rhodiam    . , 
Rhodie  oxide 

„        ♦,    hydrates  of 

Dioxide  of  rhodium 
^Trioxide  of  rhodium 
t  Khodio  chloride  » . 

RhO 

Rh,0- 
S  RhHj*), 
i  RhH,t»,,H,0 

RhO, 
RhO, 

6NACl,RhxC24H^O 
6KCKRhXl„6H.D 
6NH,Cl.fth,C1^3H,0 
RhS 

BhJ30.).12n,0 

6. 
7. 

12. 

Sulphid€fl, 

S^xiic  fhodic  ohlorid©     , . 

PotaMic  rhodie  chloride 

Amnionic  rhodie  chloride 
\  ProtoBulphide  of  rhodium 
1  Se»<)ui§ulphide  of  rhodium 

Rhodie  sulphate  . .         

Potaeaio  rhodie  nulphate 

I 


Meacti&m  of  the  Rhodium  Compcundi. 

1.  Sulphnrctted  hydrogen  ;  a  brown  ppt.  (RhjjSs)  in  a  liot  solution, 
insoluble  in  ammoaic  sulphide. 

2.  SolubU  sulphites ;  a  pale  yellow  ppt. 

3.  Potassic  iodide;  a  yellow  ppt.  (Rhols). 

4.  Fixed  aikali^s  i  a  yellow  ppt,  (Eh^Oa^SHjO),  soluble  in  acids  and 
In  excess  of  alkali. 

5.  Solutions  of  rhodie  salts  (which  are  uanally  rose-oolored)  are  de- 
composed, with  precipitation  of  metallic  rhodium,  by  iron  or  zinc. 

6.  The  metal  is  reduced  when  heated  in  a  current  of  hydrogen. 


Atmmc  weight f  199. 
hixad* 


OSMIUM  (Os). 
Specijic  graviiy^  21*4.    Atomtcity  dyadj  tetrad  and 


History* — Discovered  by  Tennant,  1803  (Derivation,  o<r^^,  odor). 

Natural  History .^ — la  found  in  platinum  ores. 

Extraction. — The  solution  of  the  ore  in  potassic  hydrate  {see  pre- 
partition  of  Iiuthenium)iB  mixed  with  an  excess  of  hydrochloric  acid  and 
metaliic  mercury,  and  digested  in  a  closed  bottle  at  284°  F.  (140*^  C). 
The  merciiry  reduces  the  osmium,  which  immediately  forms  an  amal- 
gam with  the  excess  of  mercury,  from  which  the  mercury  may  be 
afterw&rda  distilled,  and  the  metalHo  rhodium  obtained  as  a  black 
/>owder— Ofi04 + 8Hg  +  8HCl=0a + ^iB.g^CVJt-  \H^Q . 


BUTHSznmc. 
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Properti6B. — ^These  vaiy.  In  the  state  ofpotoder  rhodiiim  is  black, 
and  haa  a  specific  gravity  of  10.  It  is  highly  combustible,  and  is 
easily  oxidised  by  nitric  or  by  nitro-hydrochloric  acids  to  O8O4.  In 
the  compact  $tate  (t. «.,  after  ignition)  it  exhibits  great  lustre.  It  has 
a  specific  gravity  of  21*4,  and  is  not  soluble  in  acids.  It  is  the  least 
^ble  of  all  the  metals.  A  heat  which  fuses  platinum,  iridium  and 
TQthenium,  will  not  melt,  although  it  may  volatilise,  osmium. 

Compounds  of  Osminm. 


SALTS. 


h 

10. 


!  Protoxide  of  osmiam       ...... 
Seaquioxide  of  otmium ;  oemious  oxide 
Dioxide  of  oemiuni ;  oemic  oxide 
Trioxide  of  osmiam 
Tetraxide  of  osmium  ;  osmic  acid 
Piotochloride  of  oemium  ;  oemious  dichloride  . 

Trichloride  of  osmiam    . .         

Osmio  chloride 

,  Oimio  hexachloride        

Bolide  of  osmiam        


Formula 

Molecular 

(General.) 

Weight 

OsO 

215 

08,0, 

446 

o2). 

231 

O8O3 

247 

OsO, 
OsCL, 

263 

270 

08,01, 

611 

O8CI4 

341 

OsCl, 

412 

OsS, 

327 

(5,)  Osmic  Tetrozide. — (  Oamto  add)  (O8O4)  i"  formed  when  metfdlio 
osmiiun  or  the  lower  oxide  of  osmium  is  heated  in  air,  or  treated 
^tk  aqua  regia.  It  consists  of  colorless  crystals,  which  are  very 
volatile  and  intensely  pungent.  It  is  very  soluble  in  water,  the  solu- 
uon  staining  the  skin  black,  and  possesses  a  strong  smell.  It  is  a 
powerful  oxidising  agent.  It  is  soluble  in  alkalies,  forming  yellow 
*<dutiDns.  Sulphuretted  hydrogen  precipitates  a  black  sulphide  (OSS4) 
^  the  alkaline  solutions. 

Reactions  of  Osmium  Compounds, 

1.  They  all  yield  a  peculiar  odor  when  heated  with  nitric  acid. 

2.  Sulphuretted  hfdrogenf  when  passed  through  a  solution  of  O8O4, 
filiated  with  HGl,  gives  a  black  ppt.  (OSS4),  which  is  very  slightly 
soluble  in  ammonic  sulphide. 

With  Osmic  Acid  :— 

1.  Potassie  nitrite ;  produces  a  red  salt,  potassic  osmite. 

3.  Sodic  sulphite  ;  produces  a  blue  salt,  osmium  sulphite. 


BUTHENIUM  (Ru). 

Atomic  weight,  104*4.  Specific  gravity  of  porous  metal,  8*6,  and  of  fused 
metal,  11*4. 

Like  ihe  other  plaUnum  metals  it  is  both  a  dyad  (BuClg)  and  a  tetrad 
(BaG]4). 

Hittor7.---I>ii0oramf  bjr  Claua  (1846). 
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Natural  History. — Found  m  platmum  ores  :  also  in  tixo  mineral 

**laurite/*  a»  a  sulphide,  together  with  sulphide  of  osmium  ( Borneo). 

Extraction*-" When  platinum  ore  is  acted  upon  with  aqua  regia, 
an  iasoluble  white  scaly  residue  remains,  consisting  of  an  alloy  of 
osmium,  iridium,  ruthenium,  with  a  little  rhodium.  When  this  ia 
heated  in  a  current  of  air,  the  osmium  is  oxidised  (OaO^)  and  volatilises, 
the  vapor  being  condensed  either  in  fiasks  or  in  a  solution  of  caustic 
potash.  The  osmic  acid  vapor,  moreover,  carries  the  ruthenium, 
as  ruthenic  oxide,  mechanically  with  it,  RuOjj  not  being  itself  volatile. 
This  ia  deposited  on  fragments  of  porcelain  placed  in  immediai 
contact  with  the  heated  tube.  The  metallic  ruthenium  is  prepar* 
from  this  oxide  by  heating  in  hydrogen.  Ruthenium  and  iridium 
also  found  in  the  residue  remaining  in  the  tube.  By  fusing  this 
residue  with,  potassic  hydrate,  a  potaasic  rutheniate  is  produced, 
which  is  soluble  in  water,  from  which  solution  Ku^O;,  may  be  pre- 
cipitated by  nitric  acid^  and  the  oxide  reduced  by  ignition  in  hydrogen. 

Properties. — (a,)  PhjsicaL      A  hard,  brittle,  and  almost  infi 
metaL 

(/>.)   ChemicaL     It  oxidises  with  difficulty  when  heated  in  air, 
readily  when  heated  with  potassic  hydrate  or  with  potassic  nitrate, 
potassic  rutheniate   being  formed.     This   salt,  dissolved    in   water, 
yields  a  yellow-colored  solution. 

Compounds  of  Buthemnin' 


ile.y 
[at^ 
re« 
ar^l 


SALTS. 


Monozid43  of  ruthenium  (dark  ^ey)     . , 
Sesquioxide  of  ruthenium  ;    rutheuioua    oxide 

(bUck)   .. 
Eutheuic  oxide     . . 

, ,       anhydride  (ruthenic  &cid) 

„       tetroxidfj 
Diohlorido  of  ruthenium. , 
llutht^uiouB  chloride 
liuthonic  chloride 

9.  1^  (  Sewjiiiflulphide  of  ruthenium     ,. 
10-^  ;3  I  Rutlienic  sulphide  


Formula 

Molecular 

(General.) 

Weight 

EuO 

120-4 

Euba 

256*8 
136*4 

R11O3 

lo2-4 

KUO4 

168*4 

EuCL 

175*4 

'Rii^Cle 

421*8 

EuCl, 

246-4 

Rii,B, 

304-8 

Eu3» 

168-4 

Oxides  of  Buthemum*— ^/te  monoxide  (RuO)  is  a  dark  grey 
powder,  not  aifectod  by  acids^  Ruthenious  ojn'de  (Ru^Oj)  and  i^ntf^enic 
Qxidk  (RuOa)  aro  feeble  bases.  Ruthenk  anhydride  (EuOj)  is  only 
known  in  combination.     It  is  analogous  to  osmic  anhydride. 


Reactions  of  Ruthenium  Conipminds* 
Dissolve  the  residue  formed  by  fusing  together  caustic  potash  1 
a  Tutbemum  compc^und,  in  water.    Test  the  solution  as  follows : — 


TtSf* 
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Tiiricacid:  a  black  ppt  (Hu^O,). 

2.  Add  hydrochloric  acid  to  the  liquid  ha^'ing  tho  IlUgOj  (formed  by 

Bt  No,  1)  in  ftxiapension.  Oa  applying  heat,  an  orange  yellow  solu- 
tion FGS  lilts. 

3«  Treat  this  solution  -withmlphurened  hydrogen ;  a  black  ppi  occursj 
the  fil trttle  appearing  of  a  blue  color. 

4.  Piitmhic  ncetaic ;  a  purple  red  ppt. 


B. — Metals  whose  Suxfhidbs  are  Soluble  nr  the  Alkaline 

SULPHIBES, 

TIN  (Sn). 

Atomic  weighty  118.  Specific  gravity^  7*28,  Fusing  point,  442*4'*  P* 
(228"^  C).  Atojjiiciti/f  dyad  as  in  stannous  salts  {as  Sn^O  j  8n''01^)i 
and  tetrad,  as  in  stannic  salu  (Su'^'Oo  ;  Sn'^CJ^). 

History. — The  metal  was  known  to  the  ancients, 
Hatural  History, — Found  in  veins  as  **  tin  stone  "  (SnO^)  in  the 
^anite  and  quartis  (mine-tin).     Also  found  In  email  round  masses  in 
alluvial    soils   (stTeam-tin    ore).      It  is  often  found  associated  both 
rith  arsenical  iron  pyrites,  and  also  with  manganese  and  iron  oxides, 
md  with  tungstic  anhydride  ( WO3),  in  the  mineral  called  **  wolfram." 
Preparation. — (ov)  The  ore  is  first  crushed,  and  afterwards  washed, 
I  remove  foreign  matters  (8p.  Gr*  of  quartz  2*7  ;  of  SnOg  6*5). 
(/3.)  The  washed  ore  is  then  roasted ^  by  which  means  the  arsenic 
(as  AsjOs)  and  the  sulphur  (as  S0^^)  are  expelled.     The  iron  present 
'  roasting  exists  as  Fe^O^,  and  tho  copper  chiefly  aa  sulphate.    To 
teffect  the  complete  conversion  of  the  sulphide  into  sulphate  of  copper, 
I  the  roasted  ore,  damped  with  water,  is  exposed  to  tho  air  for  some  days. 
(y.J  The  mass  is  now  treated  with  water,  which  dissolves  out  the 
aprie  sulphate,  and  mechanically  washes   away  much  of  the  ferrio 
Oxide,  owing  to  the  specific  gravity  of  the  ferrio  oxide   being  very 
luch  less  than  that  of  the  stannic  oxide. 
(^.)  The  residual  tin  ore  is  now  reduced.  This  is  effected  by  mixing 
with  powdered  coal  and  a  little  lime,  and  subjecting  the  mixture  to 
5nt  in  a  reverberatory  (reducing)  furnace.     The  atal  reduces  tho 
f^Oj,  CO  being  evolved,  whilst  the  lime  forms  a  fusible  slag  with  the 
by  impurities. 
^£.)  The  reduced  metal  is  then  refi'ned.     Crude  tin  contains  iron, 
enic,  copper  and  tungsten.   The  purest  portions  of  metal,  being  less 
^^ble  tlian  the  alloy,  melt  first,  thus  permitting  their  easy  separa- 
f^n.     The  purity  of  the  tin  is  roughly  shown  by  its  breaking  up  into 
prismatic  fragments  (dropped  or  grain  tin),  when  the  hot 
^^Is  are  struck  with  a  hammer. 
Properties.— («■)  PhuslaL   A  white  metal,  soft  and  mBll^ft\Ae,\iM\. 
'         ^  "  '  C).  It  ia  ^ei^  "w«tu\Ai\^ 
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both  in  tenacity  and  elasticity*     It  crackles  when  tent, 
heat.     Its  smell  when  rubbed  ie  peotJiar.    It  may  be  made  ti)  cirsita]- 
Use  by  slow  cooling.     Ita  cryBtaliine  character  is  well  ahowti  in 
moiree  mctaUiqut^  which  Ib  prepared  by  washing  liu  plato  with  dilfi 
nitro-hydroohloric  acid*    It  fuses  at  442°  F.  (227'' 0.).,  but   is 
volatile.     It  is  a  good  conductor  of  heat  and  electricity, 

(/30  ChemicaL   At  ordinary  temperatures  tin  is  unacted  upon  eith<( 
by  air  or  by  water>  singly  or  conjointly.     It  bums  in  air  at  a  : 
temperature,  with  a  white  light,  forming  '*  putty  powdwr"  (SnOJ 
Wlien  red-hot  it  decomposes  steamy  an  oxide  of  the  metal  beis^ 
formed. 

Action  of  acids, — ^Strong  nitric  acid  (Sp.  Qr.  l-5)has  no  actjoa  upon  it; 
dilute  nitric  acid  (Sp.  Or.  1*3)  does  not  dissolve  it,  but  forma  with  it  i 
insoluble  metas tannic  acid  (H2Su30|i,4HgO),  and  ammoni&i  thi*!  lattd 
reatiltuig  from  the  decomposition  of  the  water.  When  strong- 
acid  is  boiled  with  it,  it  converts  it  into  stannic  sulphate  ;^.t^.. 
SOg  being  evolved  with  the  separation  of  sulphur,  the  latter  probaM 
resulting  from  the  stannous   sulphate  becoming  oxidised  to 
sulphate,  at  the  expense  of  the  oxygen  of  the  sulphurous  anh} 
Dilute  sulphuric  acid  has  no  action  upon  it.    Strong  hydrochloric  i 
dissolves  it  when  heated,  hydrogen  being  evolved.     It  ia  soluble 
a<jaa  regia,  SnCl^  being  formed. 

The  Jixtd  alkaline  hydrates^  when  heated  with  tlxe  metal,  d- 

hydrogen  being  evolved,  and  an  alkaline  metastannate  foriu 

combines  readily  by  heat  with  sulphur,  with  phosphorus,  and  will 
the  haloids. 

Impurities. — Lead,  iron,  copper^  arsenic,  antimony^  bismuth, 
and  tungsten. 

Uses, — Tin-foiL     Tin  plate  (which  consists  of  iron  coated  with 
The  iron,  after  being  freed  from  adhering  oxide  by  imraereiun  in  i 
and  by  8ub9e<juent  scouring  and  washing,  is  dipped  into  melted 
Sometimes  the   dipped   plate    is   hammered,  in  order   to  a^ect 
more  perfect  union  of  the  tin  and  iron  (block  tin).     If  the  oovering  i 
the  tin  be  imperfect,  the  corrosion  of  the  iron  is  rendered  more : 
a  galvanic  couple  being  formed,  which  decomposes  the  wat 
oxygen  of  which  rusts  the  iron.      In  tinning  copper  veiffieU^  any  otli 
on  the  copper  is  first  removed  by  rubbing  It  over  with  ammo 
chloride,  and  heating  (CuO  +  2NH4Cl=OuClo+IL04-2NH3). 

Pins  are  made  from  brass  wire  tinned  by  boiling  in  water  oont 
cream  of  tartar,  alum,  sodic  chloride  and  granulated  tin. 
solution  of  tin  is  formed,  from  which  the  tin  is  thrown  dowu  an  i 
brass  by  electrolysis. 

Tin  forms  an  important  ingredient  of  many  aUoys,  a«  e  ^.,  Bfi^itm 
metal  (Brass,  Sn,Sb,Bi) ;  pewter  (Sn»Pb) ;  Mpeadum  mt ' 
As);  Ml  metal,  gun  iTwtat  and  ftrone^  (Cu,8n) ;  brotu,  ...    ,l,.,.J.x,.^ 
fyp€  m0lal  (SnjSbjPb)  \  «oWer,  smV  aa  jvnt  vAdcr  V^StxilPb), 
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•older  (iSn  and  iPb),  coarse  solder  (iSn  and  2Fb).    An  amalgam  of 
Ua  and  meicury  is  used  for  silvering  mirrors. 


Compounds  of  Tin. 


SALTS. 


Formula 
(General). 


Fonnula 
(Constitu- 
tional). 


h 


Sn 
per  oent. 


It 

•0 


!•     r  Stannous  oxide  (protox- 
ide of  tin) 

Seaquiftxide  of  tin 

'•g  ;  Stannic  oxide  (binoxide 

.  oftin)       

~    I  XeUutaonie  add  . . 

••  .  IStannio  add 

^S  [Stannoua  diloride  (pro- 

5  I   tochloiide) 

Stannic  chloride  (bichlo- 
ride, tetrachloride)  . . 
(Bromidet  and  iodiden 
limilar  to  chlorides.) 
Stannous  sulphide  (pro- 
tosulphide)       ..     .. 
Biitannic       trisulphide ) 
1*  ~  )    (sea^uianlphide  of  tin)  ] 
^'lo  ( Stannic  sulphide  (disul- 


i 


1 


11. 


phide) 
Stannic  sulphate  , 


Sn"0 
Sd,03 

T. 

SnO- 

Sn.O,o,6k30 

HjSnOa 

Sn"Cl, 

SnJ^Cl^ 


SnS 
Sn^Sj 


SnSj 
Sn2S04 


SnO 
JSnO^ 
jSnO" 

SnOL 

SnOHo, 

SnCl, 

SnCl, 


SnS" 
( SnS"si// 

SnS", 


134 

150 
840 
168 

189 

260 

160 

182 


6-95 


2-234 


88-06 


78-66 
70-23 


62-43 
45-38 

78-66 


Compounds  of  Tin  and  Oxygen. 


Stannous  oxide 
Sesqnioxide  of  tin 
Stannic  oxide 
Metastannic  add  .. 
Stannic  acid 


SnO. 

SnA- 
SnOg. 

SSnOjSHjO. 
SnO^HgO. 


fL)  Stannous  Oxideii — Protoxide  of  tin  (SnO). 
Reparation. — (1.)  {As  a  hydrate  [2SnO,H,0]).  By  adding  an  excess 
of  an  alkaline  carbonate  to  a  solution  of  stannous  chloride. 

(2.)  (Anhjfdrous).  Bj  igniting  the  hydrate  in  nitrogen  or  in  carbonic 
•oiydride. 

(3.)  By  heating  stannous  oxalate  in  closed  vessels.      (If  heated  in 
tte  open  air  it  forms  SnOs.) 

Properties. — ^The  hydrate  is  a  white  body  freely  absorbing  oxygen 
bom  the  air.     It  is  soluble  when  boiled  in  a  strong  solution  of 
potissio  hydrate,  but  if  the  boiling  be  long  continued,  or  if  the 
lolotion  be  kept  for  some  time^  the  metal  is  precipitated  and  &iiO<i 
remainB  in  aohitiosL    Itisaoluble  in  acids.    With  sulpYiuiie  oudd  Vt 

o  0 
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forma  stannous  sulphate  (Sn^'SO^).    Tho  anhydrotis  oxtde  la  a  Ujiok 

permanent  body,  and  burns  like  tinder,  fonuing  SnO^* 

(2*)  The  Sesqnioxide  of  Tin  CS%0»)  is  but  little  nnderstocxL 

(3.)  Stannic  Oxide-^ — Hmoxide  of  tin  (SnOJ  is   found   iiativ< 

tin-8lone.    It  is  formed  whenever  the   metal   or   stannous  oxidai 
heated  in  air.     It  is  iDsoluble  in  acids,  but  forms  soluble  com 
when  boiled  with  the  alkalies.     It  forms  two  hydrates^  both  of  w 
are  acids,  as  follows  : — 

(4,)  (a.)  Metastannic  Acid  (5SnO2,10H2O)i8  formed  hy  theaci 
of  nitric  aoid  on  tin*  When  this  product  is  dried  at  212'^  F.  (100*^ 
it  becomes  SSnO^j^HjO,  a  white  powder  insoluble  either  in  water 
in  aoids.  By  the  further  action  of  beat  it  changes  to  a  yellow  color 
(probably  becoming  anhydrous),  *  forming  what  is  called  ♦*  putty 
powder/'  a  substance  used  as  a  plate  polisher.  The  acid  frjrms 
non-crystallizable  ^alts  called  *^nuttt^tannates/*  in  which  one-Hfth  of  Ike 
hydrogen  of  the  acid  is  replaced  by  a  metal — 

(5,)  (0-)  Stannic  Acid  ( SnO^^H^O)  is  formed  whan  an  alJrali  te  adilsd 
to  a  solution  of  stannic  chloride*  It  is  soluble  in  acids^  and  also  In 
cold  solutions  of  potassic  and  sodio  hydrates,  forming  crystallisabia 
salts  called  "  ^fiiHwofe^/'  in  which  the  whole  of  the  hydrogen  of  the  acid 
is  exchanged  for  the  metal  {e,g.,  HnO^jKajO). 

Sodir  Stannate  (8nO.,Na20,4H20)  forms  the  **TiQ  Prepare  Liquor  " 
of  the  calico-printer. 

CoaiPOUNDS   OF  TiK   AKB   QbLORIKB. 

Stannous  chloride         ,. SnCl^. 

Stannic  chloride  .»,  ..,         ..»         SnCl^. 

(6*)  Stannous  Chloride. — ProtoMoride  of  tin;  7  in  mlt  (SnO^). 

Pveparaiian. — (I.)  (.1-^  a  hydrate.)  By  dissolving  tin  in  hydrochinrrf 
acid,  and  evaporating  down  the  solution  until  it  crystallises  (SnOIo,*  11^' .', 
Sp.  Gr.  2-7). 

(2.)  {Anhjdrom.)  By  heating  the  hydrate  to  212°  F.  (100*^  O.). 

Properties. — It  has  a  strong  attraction  for  chlorine,  and  also 
oxygen,  absorbing  the  latter  from  the  air,  whether  exposed  in  a 
form  or  in  solution,  a  mixture  of  stannic  chloride  and  stannic 
chloride  being  formed.  Hence  the  use  of  stannous  chloride  as  a  redvn 
agent; — dechlorinating  chlorides; — deoxidising  salts  of  mercury,  sil 
and  gold ; — converting  ferric  and  cupric  salts  into  ferrous  and  ouji 
salts ; — depriving  sulphurous  acid  of  its  oxygen^  whereby  a  ;    ■ ' 
cipitate  of  stannic  sulphide  is  thrown  down; — deoxidising    ; 
reducing  combined  metallic  acids  (such  as  CrO„A8..0fl,  etc.)  to  a 
state  of  oxidation,     When  irnxod  mth  a  quantity  of  water, 
cbloride  is  decomposed,  &  iK^uto  \i^^^1e4  <aT!w^O&\siTAsi  Vi^waa^ 


TIK  AKD  SULPntrR. 
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?nf!!.;,SnO,2lT20)*  It  is  also  decomposed  by  heat-  It  fonnB  double 
'cryatttllisable  chlorides. 

Stannous  chloride  constitutes  the  *'  tie  crystals/'  or  '*  salts  of  tin/' 
^of  the  dyer.  It  is  commonly  dissolved  for  use  in  a  copper  vessel,  it9 
^lubility  being"  incrous»*d  by  the  resulting  voltaic  action. 

(7,)  Stannic  Chloride. — BichloruU  and  Utrachhnde  of  tin  ;  fuming 
liquor  of  Lihavtus  (SuCi^). 

Preparation. — (1.)  (As  a  hydrate,)  By  heating  tin  with  mtric  and 
hydrochloric  acids. 

(2.)  {Anhydrous,)  By  passing  chlorine  over  metallic  tin. 

(3*)  By  distilling  together  powdered  tin  (I  part)  and  corrosive  sub- 
imate  (5  parts)  (2HgCLi-f  Sn=SnCl^+Hg5>), 

Properties* — A  thin  colorless  fuming  liquid,  boiling  at  239  ■5'^  P. 
[USS^COi  8p.  Or- 2-234,  It  has  a  vapor  density  of  9-2.  When 
nixed  with  a  little  water,  it  solidities  to  a  soft  mass  called  "butter  of 
(SnCl^iSHoO).  On  adding  an  excess  of  water  to  stannic  chloride, 
[lydrated  stannic  acid  is  thrown  down*  It  forms  numerous  double 
dts,  as  e.g.^  the  **  pink  salt"  of  the  dyer(2H4NCl,SnCli).  It  is  largely 

0d  by  dyers  (nitro-rauriate  of  tin)  for  the  purpose  of  fixing  and 
i»righteatDg  red  colors. 


Compounds  of  Tik  and  Sclphitr. 


Stannous  sulphide 
Sesqiiisulphide  of  tin 
Stannic  sulphide    ... 


SuS, 
8uS.. 


-     (2.) 
■  Pn 


(8.)    Stannous  ^vH'^hxA^.^Protosulphide  of  tin   (SnS).      Found 
ative  as  **  tin  pyrites," 

Preparation. — (I.)  By  fusing  together  tin  and  sulphur. 
(2«)  By  passing  sulphuretted  hydrogen  through  a  solution  of  a 

nous  salt. 
Properties* — ^A  blackish  grey  body,  soluble  in  hot  hydrochloric  acid, 
phuretted  hydrogen  being  evolved. 

{9,)  Sesquisnlphide  af  Tin  (^J^^S^)  is  prepared  by  heating  stannous 
Ipbide  with  one-third  its  weight  of  sulphur, 

•)  Stannic  Sulphide*— J^«*/pAi^^  of  tin;  masaie  gold;   brome 
(SnS.). 
PttparatioH* — (L)  By  heating  together,  at  a  low  red  heat,  tin  (12 

:s)*  mercury  (6  pai*ts),  ammonic  chloride  (6  parts),  and  sulphur 
parts). 

(2.)  By  padBing  sulphuretted  hydrogen  through  amdution  of  stannic 
loride* 

PropertiiJf. — A  yellow-colored  body^used  in  the  arts  aa  anVmvUMou 
gold  or  brofura    It  is  aoltible  in  solutions  of  the  alkalme  ^i^dt^Us^ 
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when  heated,  and  also  in  aqua  regia,  Lut  is  insoluble  in  nitric  or  ii 
hydrot'lUoriu  aoids* 

Te^tsfor  Tin, — {See  Analytical  Tables.) 


ANTIMONY  (SL). 

Atomic  weight f  122*  Mokadar  weightf  488.  Spet'ific  graoiit/,  5"7  to  6*7, 
Fmiftg  jwMj  842"^  F.  (450'"  O,).  AtomkiUf,  a  triad  in  antimonious 
mliB   (SbClj ;    SbgO,),    atid   a  pentad  in  antiinonic  salu    (SbCls ; 

8bA). 

History, — Diecovered  by  Basil  Valentine, 

Natural  History. — It  is  found  native,  but  more  commonly  occurs 
as  stibm'hf  or  gt-e^f  nnlimoni/  ore  (SbgSa)* 

Preparation. — (^0  ^y  melting  out  the  antimony  (owing^  to  its 
ready  fusibtiityj  from  the  metals  with  wlilcli  it  is  alLjyed  (ct-ude  arUi 
mon^). 

2,  (a.)  The  ore  (SligSa)  is  first  roasted,  in  order  to  drive  off  boa 
of  the  sulphur  and  arsenic  present. 

(/3.)  The  roasted  ore,  which  consists  of  a  mixture  of  oxide  (SbgO,' 
and  sulphide  (Sb^S,)^  is  now  fused  with  charcoal  and  sodie  carbonat* 
(reguius  of  untimoiii/).     The    sodic   carbonate   converts   any    hulpbidd 
present  into  oxide  (Sb^Ss-f  ^Na.jCOs^aCOg  +  SNagS+SbaO,),  whi 
the   carbon   reduces   the  oxide  to  the  metallic   state   {Sb£03  +  3C= 
:3C0  +  Sb,).  _ 

(3,)  An  amorphous  form  of  the  metal  may  be  prepared  by  the  elec5— 
trolysis  of  a  solution  of  tartar  emetic  in  antimonious  chloride. 

Properties^  ^  (a,)  Fhysic^L  A  bluish- white,  brittle  metal,  eith»«" 
crystalline  or  amorphous.  It  fuses  at  842°  F.  (4rjO^  C),  and  volar— 
tilises  at  a  bright  red  heat.  In  solidifying'  it  expands.  Its  power  of 
conducting  heat  and  electricity  ia  comparatively  small, 

(/j.)  ChemieaL — At  ordinary  temperatures  antimony  ia  unacted  upo** 
by  the  air,  but  when  heated  it  burns,  forming  SbX)j  (antimonloa^ 
oxide).  It  fuses  and  fires  when  thrown  into  chlorine^  and  ab<^ 
cembines  with  broniino  and  iodine  when  brought  into  contact  witi^ 
them,  with  the  evolution  of  heat*  Nitric  acid  oxidises  it  to  antimoni*' 
anhydride  (SboOj),  which  is  insoluble  in  the  acid.  It  readily  dissolv©^ 
by  heat  in  aqua  rogia,  and  also  in  hydrocMoric  acid,  hydrogen  hein^ 
evolved.     It  is  soluble  in  potassic  sulphide.  ^ 

Uses. — It  is  used  in  the  preparation  of  several  alloys,  such  as  typ^^ 
meial  (2Fb,  iSn,    and   iSb),   a  compound  that  expands  slightly  od- 
cooling;  Britannia  metal  (9Sn,  ISb)  ;  pewter  (12Sn,  iSb,  and  Ou),  etc-' 
It  is  used  in  medicine. 
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Com} 

)OTmds  of 

Antimony 

SALTS. 

Formula 
(General.) 

Formula 

(CoDstitu- 

tional.) 

|4 

1* 

Sb 
ner  cent. 

1. 
2. 

J' 

Antimoniuretted  hy- 
drogen (stibine)  . . 
r  Antimoniou80xide(ter- 
oxide) 

Antimonic  oxide  or 
anh7dride(antimonic 

Antimonioufl    antimo- 
*     niate      ..     ..     .. 

Antimonio  chloride  . . 
Antimonioui  bromide 
,y             iodide.. 
fluoride(P) 
Antimonious  sulphide 
Antimonic  sulphide  . . 

H,Sb 
Sb,0, 

Sb,0. 

SbjOySbjO^ 
SbCl, 
SbCL 
SbBr, 
Sbl, 
SbF. 
SbA 
SbA 

SbH, 
SbA 

SbA 

SbO^Sbo" 
SbCl, 
SbCl, 
SbBr, 
SbL 
SbF, 
Sb,S, 
Sb,S. 

12^0 
292-0 

3240 

308-0 
228-6 
299-5 

3400 
4040 

4-6 

97-60 
83-56 

63  39 

71-77 
60-4 

(1)  Antimoniuretted  (or  Antimonetted)  Hydrogen;  Stibine; 

Anttmonimis  hydride  (H3Sb). 

Preparation. — By  acting  either  (a.)  on  zinc  mixed  with  any  anti- 
monious salt,  or  (j3.)  on  an  alloy  of  zino  and  antimony  with  dilute 
nlphorio  acid  (see  nascent  hydrogen,  p.  9.). 
(a.)  Sba,        +  3H2  =    SbH,    -f        3HC1. 

Antimonious    +       Hydrogen       =    Stibine    +     Hydrochloric 
chloride  acid. 

(/3.)       SbgZn",     +        enCl        =  2SbH3  +        3HC1. 
Zinc  antimony    +     Hydrochloric    =    Stibine    +    Hydrochloric 
alloy  acid  acid. 

Properties. — A  colorless,  odorless,  combustible  gas  forming  when 
lumt,  if  the  supply  of  air  be  free,  antimonious  oxide  and  water 
(28bH,+802=Sb205+3H20),  but  if  the  supply  of  air  be  limited, 
^  metal  and  water,  the  hydrogen  only  being  in  such  case  oxidized 
(48bH5+302=Sb4+6Il20).  Apiece  of  cold  porcelain  held  in  the 
^e  becomes  rapidly  coated  with  a  black  film  of  the  metal.  The 
gai  is  decomposed  into  its  elements  when  passed  through  a  red  hot 
tube^ 

Passed  into  a  solution  of  argentic  nitrate  a  black  precipitate  of 
Antimonious  argentide  is  formed. 

(N.R — ^HsAs  precipitates  metallic  silver). 

SAgNO,       +    SbHa   =     3HNO3     + 
Argentie  nitrate    +    Stibine    =    Nitric  acid    + 
From  this  reaction  its  composition  as  SbHj  is  inferred,  the  exact 
determination  not  being  possible,  owing  to  the  gas  haying  uey^T  \>^«ti 
obtaiiied  free  from  hjrdrogen.    SbH^  being  its  compoBition,  \\a  t^qi- 


SbAg,. 
Antimonious  argentide. 
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tionsbip  to  NHj^PHs,  *^^  AsH^  becomeB  obvioas.    Moreover  oon 

pounds  of  antimony  with  the  alcohol-radicals,  analogotis  to  thot 
formed  by  nitrogen,  phoBphorua  and  arsenic  also  exist,  such  as  fa 
example :  trimethyl'Stibiue  Sb  (CHs)^,  etc. 

CoMPotncDfl  OF  AirriJfo.^Y  axd  OxYOKif. 


f  white     atitinionv 


Aatimonious  oxide  (anhydride) 
Antimonious  antimonate     .», 
Antimonic  oxide  (anhydride) 

(2»)  Antimonious   Oxide,    Trioxide, 
(Sb^O,). 

Nahiral  History, — ^Found  Datire   as   Talentinite 
ore ;  Sp.  Qr.  6^56)  and  senarmontite* 

Preparation, — (I,)  By  the  combustion  of  metallic  untiiiiony  m  air 
or  oxygen  (2Sb5-f  302=2 SKOa). 

(2.)  By  digesting  in  a  solution  of  sodic  carbonate,  the  precipitate 
formed  when  a  solution  of  antimoniouB  chloride  is  poiired  into 
water. 

2SbCls      +   SNagCO^   =      Sb^O^        +     SCOg      +    6KaCL 

AntiEDODiotifl    4*        Sodio        ss    Anttmouioiit    -f*    Carbouio    +       So^o 
cUorido  carbonate  oxide  anbjdiide  chlotide. 

Properties, — A  dimorphous  body,  crystallising^  like  As^Oj^  both  in 
needleSp  and  in  octahedra  {iso-dimorpkoui).  It  is  yellow  whon 
hot,  and  white  (or  buff-colored)  when  cold.  It  is  fusible,  votatiid 
and  combustible,  Sb^iO^  constituting  one  of  the  products  of  ita  con 
bustion. 

It  is  soluble  both  iu  hydxocliloric  acid  (SbG^  being  formed)  and  i 
tartaric  acid.  With  nitric  acid  it  forma  antimonic  anhydride  (Sb|0|)j 
By  the  action  of  sulphuric  acid  upon  it,  an  insoluble  sulphate  ib 
duced.  The  ba^it^  properties  of  the  oxide,  however,  are  feeble.  It  I 
soluble  in  solutions  of  the  fixed  alkaliee,  and  is  hence  called  antf^ 
Tuonioui  acid,  and  its  salts  anttmonites. 

It  is  soluble  in  a  boiling  solution   of  hydric-potassic  tartrate 
cream  of  tartar  (ITKC^IIiOg),  forming  the  compound  known  as  (arU 
emetic  (K^SbOjC^H^O^-^)^  which,   unlike  antimony  salts  generally, 
both  soluble  in,  and  undecomposed  by,  water. 

By  ignition  in  hydrogen  or  with  carbon^  the  oxide  is  reduced 
the  metallic  state* 

Usc^> — As  a  substitute  for  white  lead, 

(3.)  Antimonic   Oxide,    Pentoride  or    anhydride^  formerly   caDo 
Antimonic  actd  (SboO^). 

Prcjmratioih — (L)  Asa  hydrate;  (Antimonic  add  SbgO^^HtO). 
the  action  of  nitric  acid  on  antimony. 

(2,)  By  decomposing  antimonic  chloride  (Sbd^)  with  water, 
(3.)  ( Anfnphoxif).     By  Ueatiivg  1\\q  hydrate  below  redness, 
J*r**per(irii, — Antimonic  o^vd^  \fe  viV\W  ^\i<:\x  ^-^A^  vku^  n\-\Iciw  wKn 
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At  a  fitroDg  heat  it  is  con  verted  into  Sb204.  It  is  ineolubla 
both  in  water  and  in  acids »  It  is  soluble  in,  and  forms  definite  com- 
pounda  with,  the  alkalies. 

Mffdratfx  (Acids)  of  Antiinonir  Oxide* 
Antimonic  Add  (HjOjSb^Oa^HSbOa)  is  formed  when  antimony  ia 

treated  with  nitric  acid  (8b2-f4HN03^N203-f2H8b03+Ng02-hHoO). 

It  is  monobasic. 
^^      It  forms  salts  as  follows  :  — 

■  (a.)  Normal  mils,  M'8bO^,(M'20,SbA).* 

H  (/3.)  Acid  saiu,  M^Sb^0n(MV>,2SbA)* 

^t      Metantimonic  acid  {2H^0fSh^0^=ll^Bho0f)  is  formed    when  anti- 
monic chloride  is  treated  with  water.     It  ia  bibasic.     It  forms  aalta 

as  follows  :■ — 

(a,)  Normal  salts,  U\ShoO^{2Wfi,Shfish 
b  U3.)  Avid  salts,  M'Sb03(2M.O,2SbA)-* 

^m  The  Iljfdnc'potamc  metanUmoniate  (KaHnSb^Oj, 611^0)  is  used  in  the 
^■laboratory  as  a  test  reagent  for  sodium  compounds,  forming  with  them 
^■the  insoluble  (and  the  only  insoluble  sodium  salt  known)  hjdnc-8odia 
^M  m^ctantimoniute  Q^fi^.^h^O^,^Ti^O).     It  should  be  remembered  that 

ike   normal  potassic   antimoniate,   into  which  the  acid   antimoniate 

rapidly  passes,  does  not  precipitate  sodic  salts, 
-  (4.)  ABtiinoilioiIS    Antimoniate    (Miller);  Diantifmnic   tetroxide 

^BfFrankland) ;  AtUimonoao-antinwnic  oxide  (Watts);  (SbgOj»8bA= 
PBb,0,;  'Sb«%0,). 

Nahtral   Histoiy, — It  is  found  in  nature  as  oervantita   {antimony 

ochre). 

r  Preparation, — (a.)  By  the  ignition  of  antimonic  oxide  (SbjOa),  or 
.)  by  burning  antimonious  oxide  (SboOj)  in  air, 
(a.)  2SbA  =  28bgO^  +  Oj 
(/3.)  2SbgO,  +  Oe  =  'l%h.O^. 
Properties, — A  ^^Jf  infusible,   non-volatile  powder,  insoluble  both 
in  water  and  in  acids. 

Ita  constitution  is  doubtful ; — 

(a.)  Some  regard  it  as  (Sb^OaiSb^O^) because  (1)  when  treated  with 
^tartaric  acid,  Sb^O-,  is  dissolved,  and  Sb^Oi  remains  undissolved ;  and 
^n[2)  tbat  when  it«  solution  in  hydrocldoric  acid  is  dropped  into  water, 
^■Bb^O^  is  precipitated,  and  Sb^O^  remains  dissolved. 
^P  (/5.)  Others  regard  it  aa  8b204,  because  it  is  soluble  in  alkalies 
'^'without  decomjMjsition,  forming  salta  called  antimonitea  («.^., 
IC/3,SbA;  KsO,2SbA«  etc.). 

Cnix)Rn)E8  OF  AwTnjomr^ 
Antimonious  chloride        ,*.         .••     Sb01/SbCl,i). 

Antimonic  chlortdo  SbClsfSbdiV 

K.B« — ^It  will  bo  noted  that  tho  acid  meteotioiomate  is  laomenQ  ^ith  \^'^  luafimi^ 
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(5.)  Antimomous  Chloride;    Tfrchloride  of  antimony:    Hutter  a/^ 
antimony  (BbOl^)*  fl 

Prepnration.'^{\.)  By  distilling  coiTOsive  eniblimate  with  aDtimonj 
(or  antimonioua  eulphide). 

Sb^     +     4HgfX   =     2Sba3     +     Sb.Ug^     +     Hg.Cl^. 

Antimony  +     Mercuric     ^  Antjiu onions  +     ATitimony      -f      Mercuroua 
chloriclc  chloride  am&lgam  cbloridu. 

(2.)  By  the  action  of  hjdrocMoric  acid  on  antimonlous  eulphide. 

Sb^S,,       +       CHCl       =       3HoS       +       2SbCl3. 
Antimonioua     -f-  Hydrocliloric   ^  Sulphuretted    ^     Aotiraonioua 
Bulphido  ttoid  hydrogen  chloride. 

(S.)  By  the  direct  union  of  chlorine  and  the  metal- — 
Sb,  +  3Cl2=2Sba,. 

Properties,— ^ A  volatile*,  crystaUizable,  very  deliqiieecent,  and  co 
Bive  solid.     It  is  fusible  at  lei-C^  F.  (72°  CO^  and  volatile  at  liighe 
tomperaturee.     It  boila  at  433°  F.  (223^  C.)-     It  is  soluble  in  hydro-' 
chlonc  acid  and  in  a  Unfe  water ^  but  is  decomposed  by  a  larffe  txce^f:  of 
water  J  an  ineoluble  oxyclilorido   or  powder  of  algaroth  being  formedB 
(38bCl3+  3H,0=SbCl3,Sba03  (or  SSbClO)  +  6HCi).    By  the  long-con^ 
tinned  action  of  water  the  oxyehloride  becomes  antimomous  oxid 
[2(8bO]5,  Sb.Oa)  +  3n.O=6HCl  4-  SSbA]- 

l/m's. — For  bronzing  gum-barrels  to  prevent  rust.    As  a  caustic. 

(6.)  Antimonic  Chloride,  Pentaddoride  of  antimony  (SbCl^). 

Preparation. — (1.)  By  acting  on  antimony  with  an  excess  of  chlo-^ 
rine{Sb,+  6Clg=2SbCl3). 

(2.)  By  the  action  of  chlorine  on  antimonious  chloride  (SbClj+Cl^a 

:=.SbCl5). 

Propertieji, — A  colorless  fuming  liquid,  having  a  suffocating  odor^ — 
Mixotl  with  a  little  water  it  forma  white  crystals  of  antimonic  t)xy4n — 
vhloride  (SbOC]jj),  but  when  treated  with  a  quantity  of  water  it  fonn^^ 
mMantimonic  acid  (2SbCl5-f  7H^O=H4Sbe07+  lOHCl).  It  absorbs  sul — - 
phuretted  hydrogen,  forming  the  solid  aniifmnic  cJiioromlphide  (sulpho — " 
trichloride  of  Frankland)  (SbSCla). 

Use, — It  ie  an  active  chlorinator,  delivering  up  its  chlorine  with  -^ 
great  ease. 

The  analogy  of  the  compounds  of  phosphorus  and  of  antimoDy  with  -i 
chlorine  and  oxygen  may  be  noted  here.  Thus,  SbClj  and  SbCls  a 
correspond  to  PClt  and  PC]^,  whilst  the  chlorosulphide  of  antimony 
(SbSOl,)  corresponds  to  the  chlorosulphide  of  phosphorus  (P8Clj), 


I 


mi< 


CoMPOUNDft  OF  AnTIMOKY   AKD   SuLPHUB, 

ShJ8s' 

SbsS^. 

Termdphide   or   SesquisuJphidi   of 
C^tatLtland),  (SbeS3=340) 


Antimonious  sulphide 
Antimonic  sulphide 


(10*)  ABtimonions   Sulphide; 
timony ;  Stilphantitttoniom  ankydrk 
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Natural  Historjf. ^It  occurs  in  nature  as  stibnite  (grey  antimony 
[  ore;  specific  gravity  4*6). 

Preparation, — (L)  By  healing  together  (a)  antimony  and  sulphur, 
Or  (^)  antimonious  oxide  and  sulphur — 

(a.)  2Sb5+3S«==2Sb5S.»,      {/30  2Sb203+8j^=2Shs,Ss+3802. 

(2.)  By  passing  8nl]>huretted  hydrogen  through  a  solution  of 
anumomous  chloride  (2SbCl.,  +  3lLS=Sb^S.i  +  <5ll^Cl), 

PnfertU^, — The  native  compound  is  grey,  brittle^  crystalline  (four- 
sided  prisms),  and  fusible.  The  sulphide  as  precipitated  by  ILS,  is 
omiige  red  {antimony  vermilion) ^  but  becomes  grey  by  heat,  the  change 
[trobably  indicating  ita  passage  from  an  amorphous  to  a  orystallina 
form* 

In  closed  vessels  it  may  be  distilled  unchanged,  but  when  heated 
ia open  vessels  it  forms  an  onj-mlphide  {^h,p i.'lBho^^—^h^^*' aO),  (anti- 
nioniuus  oxy-disnlpkide:  Frankland),  which  when  fused  cons  tit  utea 
wlmtis  called  gla^ttt  of  antimony*  **  Hed  antimony  ore"  is  a  native 
oxj-stdphide.  It  is  decomposed  by  hydrochloric  acid  (Sb4834-6HG1= 
%H2SbCl3), 

SolphantiinOIlites, — When  antimonious  sulphide  is  acted  on  with 
*tt  alkaline  sulphide;  or  with  an  alkaline  hydrate,  it  is  dissolved,  a 
•rfuWe  salt  being  formed,  in  which  the  alkaline  sulphide  constitutes 
^  buse,  and  antimonious  sulphide  the  acid.  This  is  known  as  a  ml- 
^mtimoniU.     Thus — 

+       3K28,  SbgSj,. 

4-  PotftAsio  eulphftutimomte. 


8K^0 
^otnnc  oxide 


2SbeS3 


:  Sb«0, 

Antimonious     =:    AntimoiLious 
sulphide,  oxide. 

The  solution,  when  concentrated,  deposits  a  red  powder,  consisting 

^*  I  variable  mixture  of  sesquioxide  and  sesquisulphide  of  antimony 

i  'Vermes  nuneral).     If  an  acid  be  added  to  the  solution  of  this  coin- 

l^uod,  Sh„S^  is  pieoipitatod. 

The  sulphantimonites  are  found  native  as  lead,  silver,  copper,  and 

^tm  salts. 

(11.)  Autimoilic  Sulphide ;  Pentatmlpldde  of  antimony  /  Sulphanli' 

^^mk  nnhyriride  ;    Sulphur  auratum  (SbgS^). 

Preparation. — By  passing  sulphuretted  hydrogen  through  a  solution 

"antimonic  chloride  (2SbCl5+5H2S^8b^S5+10HCl), 

Fropertifjf, — An  orange  yellow  body,  decomposed  by  boiling  in  hy- 

^*>ocMorie  acid  (SKS5  +  6HCl=2SbCl3+aH^S  +  S2). 

Snlphautimonates.^ — When  antimonic  sulphide  is  acted  on  either 

4th  ^e  alkaline  sulphides,  or  with  the  alkaline  hydrates,  a  sulphan- 

^^onate  is  fonneJt  the  alkaline  sulphide  constituting  the  base,  and 

IS  antimonic  sulpliide  the  acid.     Tb  ese  compounds  are  analogous  to 

io  ortbophosphates,  as  shown  by  their  formula,  viz., — (8MgS,  Sb^S^), 

I  '^f  MjSbS^.    The    sodic    sulphantimonate    (Na38bS4)    is  knowu    aa  1 

•*  $cyippe'$  ialtr 

TitUfar  AnUm&^^.—(See  AsAhXTiCAi.  Tabids.) 
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ARSENICTJM  (Afl=75). 


Atomic    weighi^    75.      Molacuiar  wei^ht^   300.      Spm/c    grovihff   51 
Ai4imkihft  triad  in  arsenion^  compoanda  (A«|Oj  ;  A^1|)|  and  p^ia 

in  arsenic  coi/qwunds  (An^B^j  A^^O^). 


History. — Arsonic  hw  boon  known  from  a  rwy  f^arly  ^ate.    Iha 
motiil  wtts  firat  prepiirm]  by  Brandt,  in  173S. 

Natural  History* — It  i*  found  nutiro,  alloyed  wim  (nrn  r  hkh 

on  00|  Fn,  Ni,  etc.  It  nometuneei  occum  at  a  mlphide  {r^attfttf\  Aa^B,' 
and  as  crpimmi  (Aa^S^)!  but  ia  most  often  found  in  combination  with 
metak  a«  an  anenide,  aa  <!.^.«  kupj^rmcktl  (NiA«)  and  NiAj^  ;  aJao  ai 
tin-whito  cobalt  (CoA»^),  FrcqiioDtly  it  ia  fonnd  aa  iin  (Lnionii>flal* 
pliido,  ne  niisjii^'kel  or  iirHouical  [lyritea  (Fi?S^,FoA»^)^  or  a«  eobak 
glancij  (CuS^^CoAhjj)  or  nicked  glauco  (NiSj,,NiABj^).  It  is  found  In 
eome  mineral  watem^  also  in  coal  smoke,  etc* 

Proparatioo.— Ry    reducing  ar»eniouii  aubydridci  x^itii 
(A8.(>,  +  aC^Att5  4-3CO). 

Properties,— (a-)  PkyhicaL  ArBenicum  ia  a  cryatallino,  In 
mctuli  liHving  a  brilliantly  metallic  etnel-groy  lustro*  Whon  he 
Ui  356^  F.  (IBO'^'  C.)  it  volatilises,  without  fusing.  It  U  a  oondi 
of  electricity.     The  metal  is  not  a  poison  until  it  beeom&ii  oxJ- 

(/3*)  Ch/mtiraL     \VTien  the  dry  metal  is  oxpoaod  to  the  air  k 
gooe  no  changes,  but  when  wetted  and  powdered  it  slowly  oxldiaei^   I 
funning  '*  fly-powdfsr,"  which  in  probably  a  mixture)  of  As  an  '   * 
Iluated  to  100''  F»  (71"^  0.)  in  air^  it  (fives  off  condonuibli%  ^ 
(^arlic-amoUing  fumes  of  As^O^.     At  a  red  boat  it  burns  with  a  whitt 
ihimo.    It  may  be  pn'ourved  unchanged  in  pure  water*  The  powdttit^ 
metal  fires  sjjontaueously  when  thrown  into  chlorint?,   its  union  witli 
broDiinep  iodinn,  and    sulphurg  when   heated*    being   also   (fniirg^tk* 
Nitric  acid   converts  it  inUy  arsenic  acid.     Hydrochloric  acid  has  no 
action  upon  it^  unless  it  be  mixed  with  pota»sic  ddoratOi  when  arstmin 
add  ia  formed.     It  is  soluble  in  a  solution  of  bloachtng-pciwdor. 

Some  chemists  rngnrd  arsonicura  as  a  non-metal,     Thoir  argmaenli 
in  support  of  this  vit»w  are  its  many  analogies  to  phosphorua  aD4 
nitrogen.     Like  the  former,  it  bur  us  Hpoutanuounly  when  placnd  tti 
chlorine,  and  combines  rendily  with   sulphur  and   with  the   mntal'L 
MorooTor  it  is  tmpttbb^  of  oxinting  in  various  allotrnpic  modiUratitm* 
each  |M>sHessing  a  dilFt^rtmt   gravity.      Others  regard  it  aa  a  mittiit 
because  of  its  high  metallic  lustre,  its  power  of  oonductlng  eleetriiiti 
its  insolubility  in  common   sulveots^  and  its  capability   of  form 
alloys,  whereby  the  prtjperties  of  the  metals  with  which  it  ir  atsodat 
are  affected. 

I7w«,— I*'or  fly-powder,  and  in  the  manufacture  vi  i^.«u  nuui,  to 
fadliUt4i  the  lead  aasummg  a  gXoWVat  i^jtm. 
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Compounds  of  Arsenic. 


SALTS. 


Fonnula 
(Constitu- 
tional.) 


1.  *§  V  AneniouB  dihydride  . . 

2.  '1^  1  Aneniuretted    hydro- 
tq  (     gen  (arnoe)  ..     .. 

3.  |g  /Anenioua     anhydride 
2  I     (white  anenic]      . . 

i.  O  \  Aieeoic  anhydride    . . 
(•  s  /  Diaieenioas  diaulphide 


^Q,\  Aiaenioos  seaquisul- 
"S  I  phide  (orpiment)  . . 
7<  ®  xAnenio  lulphide 
^  AneniouB  chloride  . . 
**  yf  hiomide  •  • 
}••  „  iodide 
"•  M  trifluoride. . 
'^  .  „  pentafluoride 
fnot  known  in  a  free 
state)      


a^ 

o  >% 

It 

11 

1540 

780 

2-696 

1980 

2140 

3-6 

246-0 

3-5 

310-0 

181-6 

2206 

3-66 

466-0 

4-39 

As 

Per  Cent 


97-40 

96-16 

76-76 

66-22 

7009 

60-97 
48-38 


CoifPOUKD   OF  AbSEI^IO  AND   HyOBOQEN. 

Arseniuretted  hydrogen        AsH,. 

(2.)  Arseniuretted  (or  Arsenetted)  Hydrogen,— ^r«^«(>t«  %- 

^nd$;  or  sine;  tri hydride  of  arsenic  (HjAs). 

Sistory. — ^Diacovered  by  Scheele  (1Z55). 

Preparation, — By  acting  either  (a)  on  a  mixture  of  zinc  and  arsenions 
^d  or  (/3)  on  an  alloy  of  zinc  and  arsenicnm,  with  dilute  sulphuric 
^d  (nascent  hydrogen). 

(«!.)  AsgOj  +  6Zn  +  6H«804  =  2A8Hj  -f  6ZnS04  +  SHgO. 

ifi.)  As^",  +  SHjSO^  =  3ZnS04  +  2A8H3. 

Properties, — (a.)  Sensible  and  physical,  A  colorless,  garlic-smelling, 
^tensely  poisonous  gas  (Sp.  Gr.  2*695).  It  is  slightly  soluble  in 
"Vator.  It  beoomes  liquid  at  —  22°  F.  ( —  30°  C),  but  has  never  been 
^lidified.     It  is  decomposed  by  passage  through  a  hot  tube  ( Asn3= 

(j3.)  ChemicaL  Its  reaction  is  neither  acid  nor  alkaline.  It  bums 
"ViUi  a  bloiah-white  flame,  forming  water  and  arsenious  anhydride  if 
the  supply  of  air  be  free  (2AsH,+302=A8203-f  SHgO),  or  water  and 
the  metal  if  the  supply  be  limited  (4A8H3+  302=As4-f  6H2O).  The 
Came  deposits  metallic  arsenic  on  bodies  placed  within  it,  and  arsenious 
anhydride  cm  bodies  placed  above  it.  It  is  decompoBed  \>7  cYAotvcl^, 
lijdzocUoria  atsid  and  the  solid  hydride   (As^Q^?)  \>em2  ioTm.^^. 


sn 
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Tfie  gas  18  absorbed  by  nitn'c  ctdd,  amenio  acid  J^critig  prodopedl 

ivl80  by  cHpHc  mJphate^  an  arsenide  of  copper  being  precipii&toi 
(2A8H;,  +  3Cu804=3H^S04+ As^Cu^)  |  and  abo  by  av^ntk  niirai^  imti 
nic  aeid  being  fornied,  and  silver  precipitated  (AsH^  +  CAjrNOj+iJHJ 
^eHNO^+HjAsO^H-SAgo).  The  gas  te  also  ab^^     ]  '  on  c 

corrosive  feublimote,  and  by  oil  of  turpentine.    <i  Dsel; 

related  to  ammonia  and  to  pboepboretted  hydrogen »  aU  three  gase^ 
being  inflammable,  posseeemg  a  peculiar  smt^l),  being  dooomposed  b^ 
heat|  and  l>eing  formed  by  the  action  of  nascent  hydrogen  on  ihd 
correi?ponding  oxygen  compounds  (y/r.,  NoO,  ;  PjO^^ ;  CuyO^). 

(1.)  The  i(olid  hydndt  (H^Asj  (Soubeiran)  or  As^H^  (Wiederhold),) 
a  brown  fiolid,  and  Ib  formed  either  when  a  plate  of  ai^senicxmi  is  used 
as  the  negative  pole  in  the  electrolysis  of  water^  or  when  sodiuut 
arsenide  ia  decomposed  with  water.     It  bums  in  air. 

(3,)  Arsenious  Anhydride;  Ar^tnimi^  acid:  Arstnic  tnoxide;  tv^ 
arsenic  ;    Arsenic    (A8,jOj).  —  Arsenwu8    acid   (H  tAj&0^^=A9o05,3H^U;, 
(The  acid  is  only  known  in  solution.) 

Natvml  Hifitonj, —  Arsenic  is  found  native  as  aracnite. 

Preparation. — Either  ( 1 )  by  roasting  arsenical  ores  la  a  cuirnnt  nf 
idr,  or  (2)  by  heating  arsenicum  in  air. 

Properh>.ft.^{a.)  Physical, — Arsenicum  exists  m  two  torms.     (i..  A 
vitrermM  Jhi-m  (specifio  gravity  3*738),  which  is  transparent  and  color- 
less when  first  prepared,  but  becomes  opaque,  yellowish- white,  aini 
ssomewhat  like  porcelain^  after  exposure  to  air.     Some  doubt  exiMt^  •  - 
to  the  true  cause  of  this  change,     (2*)  A  cn/itiulUm  form  (octah*  ^ 
(specific  gravity  2*695),  which  arsenic   assumes  when  carefully 
limed  in   small  quantities,  or  when  crystallL'.od  from   a  liydrucli 
acid  solution, 
■       Arsenic  is  very  nearly,  if  not  entirely,  destrauo  t»otn  ut   r 
f  emell.     The  opaque  variety  has  a   lower  specific  gravity  ti 

transparent.  Heat  converts  the  opaque  form  into  the  vitrtMms,  whiir. 
mere  grinding  in  a  mortar  converts  the  vitreous  into  the  tipiupia; 
Heated  to  380°  F,  (193^  C.)i  it  softens  and  sublimes  without  fu^iafr. 
forming  transparent  octahedral  crystals  on  warmed  surfaces.  A 
somewhat  characteristic  behaviour  of  arsenic  is  the  white  laynr  that 
it  forms  on  the  surface  of  water  when  the  arsenic  is  thrown  lutu  it  iq 
a  state  of  powder,  the  particles  of  arsenic  repelling  the  water  aod 
oollecting  round  the  air  bubbles. 

The  solubility  of  arsenic  in  water  is  a  question  of  very  considemUe 
importance.  The  following  are  the  chief  circumstances  that  serve  to 
modify  the  dissolving  atjtion  of  water  on  the  acid : — 

1.  The  peculiar  modification  of  acid  used, 

2,  Its  admixture  or  contamination  with  organic  matter.     It  is 
that  the  presence  of  greasy  matter,  such  as  bacon,  reduces  the  sol 
bility  of  arsenious  add  to  one-twentieth.   If  this  be  the  fact,  I*    *^ 

A  partial  explanation,  winy  Bom<:jl\mea  \\a  tkR!jC\t^Ti.wi\\v«)  huu, 


es 

1 
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to  b0  suspended. — (Dr.  Blondlot,  '•  Medical  Times  and  Gazette," 
H,  1860.) 
8-  The  length  of  time  the  water  has  acted* 
4*  The  temperature  of  the  water. 

5,  If  boiled,  the  length  of  time  that  the  boiling  has  been  continued. 

6.  The  time  that  elapses  between  boiling  and  the  examination. 
We  will  endeavour  to  state  a  few  resuUs  we  have  obtained,  in  a 

tabular  form : — 

SoluhiiUi^  ofAmniom  Acid. 


JflOO  graiFiR  of  cold  diatiUed  water,  after 
funding  far  24  hours,  disiolvcd 

loco  gmina  of  boiling  water  poured  on 
tbe  flcid,  and  allowed  to  atitnd  for  24 
hours,  diiuolvecl 

lOeo  grains  of  water  boiled  for  oue  hour, 
tbe  quantity  being  k*»pt  uniform  by 
the  sddition  of  boiling  water  from 
J  to  time,  and  tilteied  immediately, 


Tnintparent 
form. 


1-74  grains 
10-12    „ 

64-6      „ 


Opaque 
Jorm. 


1*16  gr&ios. 


Fresh 

ciyttaJlino 
a42td. 


2*0  grains. 
15'0      „ 

87-0      ,. 


(/I)  Chemical  Propertm. — ^Arsenious  acid,  when  in  solution,  has  a 
jfeebly  acid  reaction  j  but  it  readily  combiner  with  bases;  the  salta  1 
being  called  arsenites.     It  does  not  neutralise  the  alkalies,  nor  does  it  ^ 
iecompose  alkaline  carbonates  unless  heated.     The  arsenites  generally  \ 
easily  decompiosed  by    a  stronger  acid.     The   arsenites  of  the 
tabes   are   soluble  in  water,    and  are   very  poisonous.     The  other 
enitea  are  almost  insoluble ;  hence  the  action  of  lime  and  magnesia 
antidotes.     Most  of  the  arsenites  are  decomposed  by  heat,  whilst 
all,  when  heated  with  a  reducing  agent,  evolve  the  metal  in  a  vapor- 
ous form.     The  copper  arsenite,  or  Scheele's  green  (se9  page  372),  and 
the  silver  arsenite  are  the  two  most  important  salts. 

Arsenious  add  is  readily  soluble  in  solutions  of  the  fixed  caustic 
Ik&lies,  but  is  not  very  soluble  in  ammonia.  It  is  very  slightly 
c»iuble  in  sulphuric  acid,  but  is  freely  soluble  in  hot  nitric  acid,  the 

sulcus  being  changed  to  arsenic  acid.     It  is  also  readily  soluble  int 
lydrochloric  and  in  some  vegetable  acids,  in  alcohol  {I  in  2000  ofl 
ohul  of  specihc   gravity  0*802),  and  in  chloroform  (1  in  200,000),  i 
but  is  insoluble  in  absolute  ether.     When  elilorine  is  passed  through 
a  ftclution  of  the  acid,  arsenic  acid  is  formed. 

Um*' — In  the  manufacture  of  glass.     The  solutions  of  the  arsenites 
of  potash  and  aoda  are  used  as  sheep  dipping  compositions.      An 
itrsonicol  soap  (camphor,  soap,  and  arsonite  of  potash)  is  used  as 
a  preservative  for  the  skins  of  animals.     ArsemtB  o£  Boia  Vq  >i%^  ^j^  ^ 
3oa&ft  of  preveittij?^  tbe  iuGruBtation  of  boilers.     Atsemte  oi  c;qii^^^^ 
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(Scheete^s  green)  is  used  aa  a  pigment  for  paper-hangings,  featbert, 
muslins,  etc.     Arsenic  and  arsenite  of  potash  (Fowler  a  aolutloo) 
used  in  medicine. 

(4.)  Arsenic   Anhydride    (A85O5).  —  AnenU  Add^  H^AjO^  — 

A8«05,3n20. 

Preparation, — By  oaddizing  araenious  anhydride  with  nitrio  acid 
(  As^jOa  +  2HN0^  +  2HeO=N203 + Afi^Oj^aHgO). 

Properties. — PhifskaL  A  white  deliqweacent  solid,  soluble  in  water. 
When  heated  it  ia  decomposed  (As505=A8,0,+Og)* 

Cheraicitl,  As  an  acid  it  is  more  powerful  than  arsenious  acid. 
Bolution  of  the  acid,  when  allowed  to  atand^  deposita  crystals  having 
composition  ABgOg^aHjO,  aq.  At  212°  F,  (100°  C.)  the  cryetala  oaelv 
and  lose  their  water  of  crystallization,  becoming  As^Oj,  311^0,  Heated 
to  320^  F.  (160^  C.)  it  becomes  A8s05,2HjO  (^H^As-p^,  pyro^arsenie 
acid).  At  392°  F,  (200°  C.),  it  becomes  Aaps^II^O  (— HAaO, 
met-arsenic  acid),  and  at  500^  F.  (260^  C)  As^p^  only  ia  left. 

Arsenic  acid  is  tribasic  (H^AsO^).  It  forma  palta  called  ari*«ia/rj, 
which  doaely  resemble,  and  are  isomorphouB  with,  the  tribaaic  pho§- 
phatea. 

U»es, — Areenic  acid  ia  used  in  the  preparation  of  magenta  by  ita 
action  on  aniline.  Ar9m<U€  of  svda  ia  used  by  the  calico-pnntere  aa  a 
dung  substitute. 


CoMPOUHDa  OF  ABaEirio  axd  SuLFntm. 

Diarsenious  Diaulpliide         ...  ,..         ...  ASgSg, 

Arsenious  Sesquisulphido     ♦*. Aa^S^. 

Arsenic  8ulphide       ...         ***         ...         ••*  Aa^B^* 

(6.)  Diarsenious  Bisiilphide ;  Realgar.    {Ab^B^  or  'Afi'*jS%)  it 
found  native. 

Preparation. — By  heating  together  sulphur  and  araenioua  anhydndo 
(2Asj03*f-S7=2AB28e  +  3SO.). 

Properties* — ^A  red»  transparent,  fusible,  and  volatile  solid,  burn 
ing  with  a  blue  flame,  eulphuroufl  and  arseuioua  anhydrides 
(8O3  and  ABfiOj)  forming  the  products  of  combustion.  It  is  insolubl** 
in  water  and  in  hydrochloric  acid;  but  is  aoluble  in  nitric  acidj 
(forming  arsenic  and  sulphuric  acids)^  also  in  ac^ua  regia  and  ifl 
potassic  di sulphide.  It  ia  decomposed  by  the  fixed  alkalies^  leaT 
as  a  precipitate,  a  brown  arsenical  aubsulphide  (As,^S).  It  is  used  id 
the  manufacture  of  dreworks. 

(6.)  Ajseniona  Sesquisnlphide;  Terhuiphide  <?/  Arscmci    ^u,pm 

anenious  [itriiQ  unhtjdride  ;   orpimtnt  (ASgSj,)* 
Natural  History, — Found  native. 

J^rty)araUon, — (I,)  By  paa&ln^  auli^huretted  hydrogen  through  a  «>-  j 
JutioD  of  araenioua  acid  ac\duUib<i  mlV  V^^twi\\<OTVi  ^4» 
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3H^8  +      2A8CI3      =         6H01         -f      Af^^Sj. 

Sulphuretted        -f-      Areenioua      ^      Hydrochloric      -|-      AtteniouB 
Lydrogea  chloride  acid  ee«qaistilphide. 

(2.)  Bj  eubliming  a  mixture  of  sulphur  and  arseniouB  anKydride* 
Bg  +      2Ab^0.,      =         2A»o8^         -f        380.. 

Sulphur  4*       Aiseniotis      ^  Areemoua         H"        SulpburouB 

anhydride  sesquiBulphido  anhydride. 

Prf>perim. — A  yellow,  crystalline,  fusible,   and  volatile  substance 

Specific  gravity  3'5),  ingoluble  in  water  and  in  dilate  aoida.     It  is 

lecomposed  by  raitric  acid  and  by  atjua  regia*     It  burns  in  air,  but 

nay  be  eublinied  in  closed  vessels.     It  is  a  feeble  eulpliur  acid.     It 

I  doluble  in  ammonio  carbonate  and  also  in  tbe  alkalies^  an  alkaline 

aite  and  sulpharsenite  being  formed. 

12KH0    +    2AvS    =    3K48,Aso83    +    SK^O.AsgOj    +    en^O. 
[  FotaftRic      4-   Areenioua    ^  Potfisaic         +         Potassio  +       Water. 

hydrate        BMquisnlplude         sulph-arsenite  ai-Benito 

On  adding  an  acid  to  the  solution,  an  arsenious  sulphide  (AsgS^)  ia 
^precipitated. 

UsM. — It  ia  used  as  a  pigment  (King^s  yellow).  The  ammoniacal 
alution  ia  used  for  dyeing,  the  color  being  deposited  as  the  ammonia 
evaporates* 

(7.)  Arsenic  Snlphidd ;  Dhnmic  pmtasulphide  f  Sulpharsenic  acid 

Prtpuratim. — (1.)  By  fusing  together   a  mixture  of  sulphur  and 

piment. 

(2.)  (tt*)  By  passing  sulphuretted  hydrogen  through  a  solution  of 
fiodio  arsenate,  a  solution  of  mlph- arsenate,  of  sodium  is  formed- 

(/3.)  When  hydi-ochloric  acid  is  added  to  this  solution  arsenic 
mdphidc  ia  precipitated.  These  reactions  are  seen  in  the  following 
^Qations : — 


2Nag8,A8A. 

Sodic 
sulphorsanate. 

+     2H^8     +    AajSs. 

~H  Sulphuretted  4-     Arsomo 
hydrogen  sulphide. 


2Na50.H.p,AB305  -f       TH^S      =  8n«0  + 

Sodic  -f  Sulphuretted  =    Water    H- 

aieenate  hydrogen 

(fi.)     2Na58,ABg85+      4nCl      =  4NaCl 
Sodic  -f  Hy<irochlorio  ^      Sodic 

■ulphofsctiate  add  chloride 

Properties. — A  yellow,  volatile,  fusible  substance,  solidifying  after 
!o  an  orange- colored  glass.  It  is  one  of  the  most  powerful  of 
Iphur  acids.  It  forms  salts  analogous  to  the  phosphates  called 
fph-ar/fenaUs  (M'A&S^  jneta-mipharsemite ;  M^AsgS^  ptfro-mlpharsenate  ; 
JA8S4  I'rth O'Su Ip h (I  r senate ) . 

(8-)  ArsenioUB  Chloride;  Terchloride  o/ar^mc  (AsClj). 
C,  — Half  a  volume  of  arsenic  vapor  -f-  3  volumes  ol  CSk  ^  % 

^olui  ^^CIt  (specific  gravity  of  vapor  6  3), 

Pfq>oratwfi,'-(U)  By  bumiDg  the  metal  in  chloxm©. 
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(2.)  By  pofi&iog  dry  chlorine  over  heated  arsenioui  ttnhydridfi 
llAf^^O,     +     ea^    =     4A8C1,     +     3(2AB.O^Aji20B) 

Araenjona      -f    Chlorine  ^    Antonious     4* 

(ti.)  By  distilling  together  ursenious  anbjdnde  imd  mercuric  chloriito. 

Properties, — A  heavy  (specifio  gravity  2*2),  pimgont,  oily,  volatile, 
fuming  liqtiid,  boiling  at  269-6'^  F.  (132'^  C.)*  fttid  remftlning  flujd  tit 
— 20*2^  F.  ( — 29^^'  C).  It  is  decomposed  when  treated  with  a  qu»TitiU 
of  water  (2AbC1^+3E[^jO=As20s+CHC1),  but  with  m  littl©  wmUjr» 
it  fonris  f  rystals  nf  the  oxyelilortde  (AjsCIU). 

(9.)  Arsenious  Bromide  i»  prepared  in  a  similar  manner  to  th« 
chloride.     It  ie  a  fusible  crystallino  body. 

(10.)  Arsenious  Iodide  ^  prepared  simihirly  to  the  <^htonde  at^i 
bromide.  It  is  a  crystalline  oi aDge-colored  body*  It  Is  not  dec'Otii* 
posed  by  water. 

Ihiictwns  o/'  Arsankum  Ci>mpound«. — Si*6  ANALYTICAL  Tables. 


GOLD  {Anmm)  (Au), 
Atomic   wtiijitt,    196-7.     Molecular  weight   (irrobahte),    393*4,       jS/^'   >' 
<7rar%,  19'4.  Fu^€3  at  from  2012^  F.  to  2192°  F.  (1100^  O.  to  iJi"' 
CJ),   Atomif'itj^t  monad  {')as  in  attrous  compounds  (AuCl  j  Au^O)»  (t^d  ' 
triad  {'")  as  in  auric  compounds  (AuCl^;  AuoO,). 

History* — Known  to  the  ancients  (0  Sol). 

Natural  History*— It  is  always  found  in  the  metallie  Bt&U>, 
occurs  as  cubvs  or  ootahedra  in  the  alluvial  sands  of  certain  rii 
(gold  duat),  and  also  in  masses  in  certain  volcanic  rocka  (nuggt<t^ 
It  is,  moreover,  always   found  alloyed  with  silver,  frequentlyJ 
copper,  and  sometimes  with  osmium,  iridium^  antimonv  and 
num. 

Extraction* — (l*)  Pn^tss  t>j  im^hmg.    This  consists  m  irooiL 
well-powtlered  oro   with  water,   whereby  the   sand  is  mecha 
washed  away  from  the  gold,  owing  to  the  different  gravities  of  i 
sand  and  the  metal* 

(2«)  Process  of  atnafgamation.     This  consists  in  dlssolvinfr  out 
gold,  with  mercury  from  the  debris  with  w^hich  it  is 
quicksilver  being  afterwards  separated  horn  the  gold  bv 

(3.)  Sometimes  the  gold  ore  is  fused  with  a  mixture  of  metallic  loo 
lime,  and  oxide  of  iron.     The  lead  in  a  state  of  f\ision  dis^  ^ 
gold,  the  liquid  alloy  sinking  to  the  bottom  of  the  slag.     'J 
afterwards  separated  from  the  lead  by  cupellation  {)^ee  page  411.) 

Preparation  of  pure  gold, — Diseolvo  the  gold  in  aqua  rogia  (iBX^ 
and  4I1C1},  and  add  ferrous  sulphate.     This  will  become  oxidiiM^l 
ferric  suljjhate,  whilst  the  gold  will  be  precipitated,  the 
appearing    brown  by  reflected,   but    purple   by  transmitted' 
6FeSO4  +  2AuCli=2tFeg:i804H'^^i^-V  ^^v 
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This  precipitate  is  now  boiled  with  hydrochloric  acid,  whereby  all 
Kilver  and  iron  are  removed.  The  pure  precipitated  metal  is  then 
losed  with  hydrio  potassic  Bulphate. 

Properties. — (a-)  Physical,  A  soft,  heavy,  yellow  metal,  possessing 
g;reat  lustre  (Sp.  Gb.  19-4).  It  is  the  most  ductile  and  malleable  metal 
known,  and  is  also  one  of  the  most  perfect  conductors  of  heat  and 
electricity.  It  fuses  at  1899°  P.  (1037°  C),  shrinking  greatly  in  bulk 
tt  it  solidifies.  It  is  volatile  at  the  heat  of  the  oxy-hydrogen  jet, 
gi?ing  off  a  purple  vapor.  A  very  fine  gold  leaf  is  transparent  to  the 
green  rays  of  light. 

(jS.)  Chemical,  Gk>ld  is  unaffected  at  any  temperature  either  by  air 
<^  moisture.  Sulphuretted  hydrogen  is  without  action  upon  it.  It  is 
■olnble  in  aqua  regia,  or  in  any  mixture  which,  like  aqua  regia, 
Uierates  chlorine ;  but  it  is  insoluble  either  in  any  simple  acid  (except 
Mlemc  acid),  or  in  solutions  of  the  alkalies.  It  combines  readily 
^th  phosphorus  by  heat,  and  with  the  haloids  in  the  cold. 

Uses. — For  coinage f  mixed  with  8-33  per  cent,  of  copper,  to  increase 
lU hardness.  'For jewellery  :  pure  gold  is  regarded  as  of  24  carats; 
^Dgiiah  standard  gold  of  22  carats  (that  is,  22  parts  of  gold  in  every 
^)-  An  18  carat  gold  contains  ^  or  j  its  weight  of  gold.  (jk>ld  is  also 
^  &r  gilding  ;  for  coloring  glass  ruby  red ;  for  gold  leaf,  wire,  etc. 


Componnds  of  Oold. 

SALTS. 

3? 

Formula 
(Constitu- 
tional). 

Is 

II 

An 
per  cent. 

^                 .  Auroiu  oxide  or  suboxide 

^     Oiidee    |  Auric  oxide  or  peroxide, ) 
1      or  auric  anhydride     . .  ] 

\  \  CliUm-.u«  i  Auroui  chloride     . .     . . 
^-r*******^!  Auric  chloride        ..     .. 
(Iodides  correspond  to 
.                            chlorides.) 
^1               t  Auroua  sulphide    • .     . . 

*■'              Uorietnlphide       ..     .. 

Au,0 

Au,03 

AuCl 
AuCl, 

Au,S 
AuA 

Au,0 
(AuO 

(AuO 
AuCl 
AuCI, 

Au,S" 
L  AuS" 
.  S" 
AuS" 

409-4 

441-4 

232-2 
303-2 

426-4 
489-4 

64-86 

C0MF0U2n>S  OF  OOLD  AND  OxYOSN. 

Anroiia  oxide   ... 
Aurio  oxide     ••• 


AugO. 
AujOj. 


(L)  AnrOUB  Oxide;  Suboxide  of  gold  (AujO). 
h^foraHtm. — ^Precipitated  on  adding  a  dilute  solution  oi  -j^Xaakui 
i|dmle  to  one  of  amouB  cblonde. 
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Propertm, — A  dark  powder,  nolulile  m  ao  excms  of  alkali*  It  mptd 

dcKJomposes  into  auric  oxide  and  the  miital, 

(2.)   Auric  0xid6J   Pi'f'f'-^^th  or  St'^/uiiJuIr  I'T^rtilJ :    Aurtr  iinhwlriik 
(AllA^'Hl-a). 

Pnparation.—A  solution  of  auric  chion«in   jk  ue* 
noma,  a  miignesic  nurate  being  [►recipitateJ.     This  ), 
then  dige8te<l  with  nitriu  ftficl,  when  an  insoluble  auric  oxide  retnuit 
either  as  a  yellow  hydrate  (AiuO^^GHjO),  or  as  a  brown  prodpl 
(Au^O;,)^  tlie  exact  compound  fonued  being  dependent  on  the  strtsc^ 
of  the  nitric  acid  employed. 

Pn>pttt('ei, — By  exposure  to  light,  or  by  a  beat  of  473*^  P.  (245*^  ( 
auric  oxide  is  resolved  into  the  metal  and  oxygen.  With  the  alkalis 
the  liydrtited  oxide  fnnns  soluble  salts,  called  tfur  ««/«/«%*,  aa,  r,j 
potandc  aurate  (KAuO^.JillnO),  a  compound  used  by  elr'Ctro.gildi»ij 
With  the  earths^  and  with  other  metallic  oxides,  it  furma  InsoluL 
compounds.  With  ammonia,  it  forma  '*  fulminating  gold ' 
(AuoO-'^NHj.H^O). 

Strong   nitric   and    sulphuric   acids   dissolve  it.  the   oxide   betn?^ 
deposited   ou  dilution.     Wttli   IICL  HI,  and    HBr.  it  fonnn   Au^'1, 
Aul,,  and  AuBrj. 
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Auroua  chloride 
Auric  chloride 


AuCL 

AuCU. 


(3.)  Aurous  Chloride;  ProtvchUide  of  tfM  (AuC1^232-i). 

Pteparation, — By  heating  auric  chloride  to  WAT^  F,  {  175^  P  \  nti 
chlorine  ceases  to  be  evolved. 

Pfvpertm, — An  insoluble  yellow  substanco»  deeompo8od  at  oDU 
(200*  C*)*  By  the  action  of  boiling  water,  or  by  mere  oxp»jsurt> 
light,  it  is  converted  into  the  metal  and  AuCl,. 

(4.)  Auric  Ctloride;   TaMondc  of  gvid  (Aua,,=30.3*l), 

Preparaium.-—{\.)  By  dissolving  gold  in  acj^ua  regia  and  ovapot 
ing  the  scilution  at  248^  F.  (120""  C). 

(2,)  By  heating  gold-leaf  in  a  current  of  cblorine, 

Propertiefi,—K  red,  deliquescent,  cryst^illine  mass*  Heated  to  39 
F.  (199*^  C),  it  becomes  AuCl;  but  when  heated  above  this  f 
ture,  it  is  entirely  decomposed.  It  is  soluble  in  water,  in 
and  in  ether,  the  latter  solvent  being  capable  of  removing  it  triim  ifl 
aqueous  solution.  Its  solution  in  water  stains  the  skin  and  otli4| 
organic  matter  purple,  finely  divided  gold  being  dej)OBited.  Th 
extreme  ease  w  itli  which  the  gold  of  the  salt  may  be  reduced,  f^eodtf 
it  useful  in  photography. 

It  forms  crystallizable  compounds  with  the  alkalin©  ehloridi^,  a&d 
with  the  chlorides  of  most  ot^nW  \>ttA«i«.    With  omraonia, 
'  *Juimin  atiug  y o  /t/ .  * ' 
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PutpU  vf  Caifmtft*  —  Wlion  a  dilute  solution  uf  stAnuous  and 
fttounic  chloride  is  added,  drop  by  drop,  to  a  very  dilute  neutral 
■pDlation  of  auric  chloride,  a  purple  precipitate  is  gradually  thrown 
nown.  the  subsidence  of  wliicli  is  aided  by  the  presence  of  a  soluble 
Unit  and  heat*  Tliis  precipitate  ia  called  **  th^  pttvp/e  of  Camtii*  ** 
■Sn'^Aii^Sn^O^.'ill^jrjl?),  i',  <.,  a  double  fituDnate  of  gold  and  tin).  It 
^nay  also  be  prepared  by  digesting  metallio  tin  in  a  neutral  solution 
of  auric  cldoride*  It  is  soluble  in  ammonia,  the  eolution  being  de- 
■pomposed  and  rendered  colorless  by  light,  metallio  gold  being  pre- 
cipitated* The  precipitate,  mixed  with  a  little  borax,  is  employed 
mk>T  coloring  china  and  porcelain  a  rich  rose  red.  The  color  is  a 
Rnixture  of  metallic  gold  and  stannic  oxide. 

L  Compounds  of  Gold  and  Sdlphub.  ■ 

H  Aurous  sulphide  ..*         ...         ...         ...         Au.^8.  I 

H  Auric  sulphide  ...         ...  ...         Au^S,.  H 

I  (5.)  Aureus  Sulphide  (AugS  or  Au«8*).  ^ 

■  Preparation. — By  passing  bulpliuretted  hydrogen  through  a  boilui^ 
Holution  of  auric  chloride. 

W    Pn^pcrticjf.—k.  black  substance,  soluble  in  the  alkaline  Bulphides.        _ 

{6J  Auric  Sulphide  (Au.Sa).  | 

b     Prtparaiiun.—hy  passing   sulphuretted  hydrogen  through   a   cold 

Hiilute  solution  of  auric  chloride. 

B    Properties, — A  yellow  substance,  soluble  in  the  alkaline  sulphides.      ■ 

A  soluble  double  sulphide  of  gold  and  potasmm  may  be  prepared  by 
heating  together  gold,  sulphur,  and  potassic  carbonate.     It  resists  a   ■ 
irad  heat,  and  is  used  for  gilding  china  {Burgos  lustre),  ■ 

H  Rtactiom  of  the  Compounds  of  Gold.  ■ 

1 .  Heated  in  the  open  air,  all  gold  salts  are  reduced.  ■ 

b    2.  Fenttu^  sulphate  gives  in  acid  aolutiona  (free  nitric  acid  being 
Kbsent)  a  brown  ppt.  of  metallic  gold. 

H   3.  A  vitJcXure  of  dilute  stannous  and  stannic  <^'/(/on>ff  (or  metallio  tin), 
ftives  in  a  neutral  solution  a  ppt.  of  **  purple  of  Cassius/* 

■  4.  Mercurous  nitrate  also  gives  a  dark  brown  ppt  of  reduced  gold* 
H    5«  Sutphuretttd  hydrogen^  a  black  ppt  (Au^^,)  in  a  boiling  solution. 
H   Estimation* — Gold  is  estimated  aa  the  metal,  precipitated  by  ferroua 

sulphate.  H 

■  PLATINUU  (Ft)  I 

Wiimnic  weighty    197'4.     Sptdfic  gropiti/,    21*6,      Atoviit^tij :   a  dt/ad  in 
W       platinoujit  saliff,  e.g.  (Pt"Cl5),  and  a  tetrad  in  platinic  Malts  (Pt^'Cl^). 

History* — DisroTered  by  Wootl,  of  Jamaica,  174L 
Natural  History.— It  occurs  native  iu  the  dehm  ot  xXi^  oX'^eTc    i 
Tolcanic   raakg  in  amall  grains,  allowed  with  paYla4\uin^  tVo^vmtoVi 
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iridium,   osmium   and    ruthenium ;    and    sometiraea    also 
nod  ules,  alloyed  with  gold,  silver,  copper,  iron,  and  lead. 

Sxtraction. — (l*)  The  ore  is  first  diasgl?ed  in  aqua  regia,  a  aolutioi 
of  phitiijic  L'hlonde  (PKM^)  being  formed.  Amnionic  cldoride  is  no 
added  to  the  clear  filtrate,  by  which  means  the  platinum  is  pre- 
cipitated as  a  double  chloride  of  platinum  and  ammoniuni 
(2NH^Cl,PtCi4),  This  pret^ipitate  ib  now  heated,  when  the  ammonia 
and  the  chlorine  are  expelled,  aad  the  motal  left  in  the  sponj^y  con- 
dition. This  spongy  mass  is  now  powdered,  and  the  powder  forcibly 
compressed  into  a  solid  block.  This  block  is  then  intensely  heated, 
and  hammered  whilst  hot,  so  as  to  weld  the  metallic  panicles  together 
into  a  solid  lump  (process  of  Wollaston). 

Deville  and  Bebray  have  suggested  to  fuse  tlie  metal  in  a  lime 
crucible  hy  the  oxy-hydrogen  blowpipe,  inbtead  of  effwiiu^  the  union 
of  the  metallic  parti ulea  hy  welding*  All  impuritiesj^  except  rhudiuoi 
and  iridium  are  in  this  way  removed,  the  gold  and  the  palladium 
being  volatilized  in  the  metallic  state,  tiie  sulphur,  [►Iiosphorus*,  arsemu 
and  osmium  being  volatilised  as  oxides,  whilst  the  ircm  and  copper 
are  first  oxidised  and  afterwards  absorbed  by  the  liene  crucible, 

(2.)  Another  process  suggested  hy  Deville  and  Debray  is  as  follows; 
— The  platinum  ore  is  roasted  with  lead  sulphide  and  oxide,  when 
the  reduced  lead  dissolves  the  platinum  (together  with  eome  iridiuui 
and  rhodium)  an  easily  fusible  alloy  being  formed,  whilst  an  uHuj 
of  iridiam  and  osmium  (osmide  of  iridium),  which  is  iiisoltible  ifl 
the  melted  load,  sinks  to  the  bottom  of  the  platlaiferous  lead.  The 
alloy  of  lead  and  platinum  is  then  ladled  away  from  the  in  soluble 
residue,  and  the  lead  removed  hy  cupellation  from  its  alloy  with 
the  platinum.  The  crude  platinum  is  afterwards  refined  by  fusiua 
with  the  oxy-bydrogen  blowpipe.  It  still,  however,  retains  iridiui 
and  rhodium.  These  metals  are  said  to  improve  rather  tliau 
injure  the  platinum  for  the  purposes  of  chemical  apparatus. 

In  preparing  **  platiaum  black/'   platinous  chloride  (PtCI^)  is  dis 
solved  in   a   solution  of  potaasic  hydrate,   and  heated  with  alcohoL 
The  precipitated  platinum  black  is  then  collected,  waslied  and  dried- 

PropertieS."(a-)  Pfit/^icuL  A  white  hard  metal,  of  great  tenacity* 
It  cannot  be  crystallised  artificially,  although  native  octahedra  ha^** 
been  met  with.  Its  specific  gravity  varies  from  21  to  22,  accordi^'i? 
to  the  process  by  which  it  is  prepared.  It  expands  very  fclightly 
by  heat ;  hence  platinum  wires  may  be  sealed  into  glass.  It  may  ^^ 
fused  by  the  oxy-hydrogen  blow-pipe,  or  by  the  galvanic  baitL*!*/* 
Ita  conducting  power  for  heat  and  electricity  is  very  inftjrior  to  lb*** 
of  either  silver  or  gold. 

{/5.)  Chemi'caL     Platinum  does  not  oxidise  in  the  air  at  any  temj^^^ 

rature,  but,  like  silver,  it  absorbs  oxj?gen  mechanically  when  heate^^' 

evohmg  it  again  on  cooHng.     It  is  unacted  upon  by  any  acid  except 

/jjfro-hjdrochloric  acid.    It  comcod^a  -tjU^ti  Keated  with  the  oaust*^ 
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kaliee,  or  with  tbe  alkaline  earths.  At  high  temperatures  it  is  easily 
tacked  bj  carbon,  phosphorus,  boron,  silicon,  etc.  It  possesses  in 
1  its  formSy  but  more  especially  in  the  spongy  condition  (platinum 
ack),  a  remarkable  power  of  inducing  chemical  combination  be- 
'een  ozy^n  and  other  gases  (see  page  9). 

U868. — In  the  laboratory  it  is  largely  employed,  because  of  its  in- 
sibility,  and  also  its  power  of  resisting  chemical  reagents  (e.g.,  oil 
▼itriol  stills,  etc.). 

Compounds  of  Flatinnm. 


SALTS. 

Formula 
(General). 

Formula 
(Constitu- 
tional). 

^1 

0 

Pt  per  cent. 

* 

Fktiiimis  oxide.. 

PtO 

PtO 

213-4 

FUtinic  oxide    .. 
Platiiioiis  chloride 

PtO, 
PtCl, 

PtO, 

PtCi, 

229-4 
268-4 

P 

latinic    chloride 

Potassie    phiti- 

no-chknde.. 

Sodic-platino- 

chlonde 
Ammooic  plati- 
,    no-chloride. . 

PiCl, 
2KCl,PtCl4 

2NaCl,PtCl, 
2n,NCl,RCl, 

PtCl, 
2KCl,PtCl, 

2NaCl,PtCl, 
2NH,Cl,PtCl, 

488-3 
446-4 

3-686 
3-009 

Pt  6812 

/  Pt  40-36 

( K  16-02=K,O  19-29 

/  Pt  44-18 
{  H,N  7-62 

[Bromides  and  io-  j 
dides  analogouB  \ 
.        to  ehloridefl.]    ' 
1    RttinouaBulpludej         PtS 

PtS" 

*»•  FUtinic  sulphide          PtS, 
Li    Platinic  sulphate       Pt(S<)J, 
1   ?lttinic  nitrate..        PttvO,)' 
' '  I  PUtimms  sulphite         PtSO, 

PtS", 

»- — 

1 

Coicpoina)8  of  Platinum  and  Oxygen. 

1.  Flatinous  oxide 

2.  Platinic  oxide 


PtO. 
PtOg. 


(!•)  PlatmOUS  Oxide. — Monoxide  OT protoxide  (PtO=213'l). 

^ffparation.'^'By  decomposing  platinous  chloride  with  a  solution  of 
Wiasic  hydrate,  and  afterwards  neutralising  with  sulphuric  acid. 

^^^^perHes, — A  black  substance,  easily  decomposed  by  heat.  It  acts 
^  ^  feeble  base,  being  soluble  in  acids  as  well  as  in  an  excess  of  an 

(JL)  Flatillic  Oxide.— -5t«oa?ic2f  of  platinum  (Pt02=229-4). 
^r^paraihn.—(A$  a  hydrate,  Pt0g,2Hg0.)  By  adding  sodic  caxbouBA.^ 
^  •  solation  otplMtiDJO  mtrate.    [Only  one-half  of  tbe  total  cjaoatVt^ 
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of  todic  carbonate  neceseary  tor  CKimptete  predpttatt tin  iiliaiild  b^iulJe^l, 
Iteciiuso  of  the  teadency  of  PtOj  lo  combine  witli  dkalioi^  biuki*,] 

Properties* — Tho  hydrate  is  brown,  and  tlie  anhydrous  oxide  bbcle. 
All  the  oxygen  inuy  b©  expelled  from  the  oxide  by  heaC  It  i«  a  wenk 
briso,  the  salts  being  yellovrish-red.     Occa^  .<  mn  add 

(platinic  acid),  as^  for  example,  in platinatu  ^  v., ^ IT  n^ 


OOMPOtJims  OF   Pl,ATI3iUil   AND   CIlI^al^S, 

1.  Platinous  chloride  •..         PtClj. 

2,  Platinic  chloride  ...         PtCl^, 

(3*)  PUtinoUS  Chloride.— /'ro^^/onWe  afplatimm  (PtCl,^2«^*lJ 

Preparation, — (1*)  By  evaporating^  a  solution  of  platiniiin  in  aqti 
regia  to  dryness^  and  heating  the  residue  at  455^  F.  (235'^'r'  i    nui^ 
chlr  rine  ceaies  to  be  evolved. 

Propertui*.— An  oliv^-green  powder^  soluble   in   potassic  iiydraU^ 
in  hot  hydrochloric   acid   (the  solution  being   red),  and    tn  platiaU 
chloride  (the  solution  being  brown) ;  insoluble  in  wator,  or  in  nitdc  i 
ftulphimc  acids.     Heat  decomposes  it     With  the  alkaline  cUlorid^ 
it  forms  double  salts  called  chtoro'piatinttcs,  or  platinoso-dUarifJtJf, 

(4.)  Platinic  Chloride* — Tttrachkfrlif^  perch loritU  or   bichhridi 
platinwn  (PlOl4=t339-4). 

Prcpnrathru — By  dissolving  platinum  in  aqua  regia,  and  evaportir 
ing  to  dryness. 

PTop9rim, — A  red*brown,  crystalline^  deliquescent  salt,  soluble 
alcoholi  in  ether,  and  in  water,  the  aqueous  solution  being  of  a  de 
orange  color.    Heated  to  463«  F.  (235^  C.)  it  becomes  PtCL,  but  whij 
heated  beyond  this  it  is  entirely  reduced.     Bulphurous  acid  reduces  1 
to  PtCl^.     With  metallic  chlorides  it  forms  double  salts  called  chhA 
p!atinateSf  or  platino-chtoride^.     The  potassio    and   ammonic    platic 
chlorides  (2KCl,PtCl^  and  2fNHp),PtCU)  are  only  slighdy  aoluli 
in  water,  and  quite  insoluble  in  alcohol.     They  constitute,  therefore^ 
a  means  of  estimating  the  ammonium  or  the  potassium  present  in  n 
ftolution.     Both  the  potassic  and  ammonic  platino^chlorides  oonaiat  of 
yellow  octahedral  crystals.     The  ammonium  salt  is  easily  docoinr       ' 
by  heat,  but  ihe  potassium  salt  is  decomposed  witli  diffictilty. 
sodium  compound  is^  on  the  contrary,  of  a  red  color»  and  very  j^i 
both  in  water  and  in  alcohol.     Platinic  chloride  also  foruia  d 
salts  with  the  chlorides  of  some  of  the  organic  bases. 

BaSBS  PaODirCED  by  the  AcTIOW  of  AmMOXIA  on    nil!  C^iffxiftmss 

OF   PLATIKtTH. 

These  bases  are  to  be  regarded  aa  ammonfaa,  in  whtcli  n  p«H  ol 

tb&  hydrogBu  of  two  or  more  ^tYkm^^mn.  molecules  has  been  dieplactd 

titber  by  platiaosum  (Pf^  or\>y  ^UlVwVt^im  v:\Hi^  V 
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(1.)  DipIatOSamine  (hdrated),  Reiseesfimt  base;  IVfR^^ ^,211^0, 
or       H4VN4,2HjO]. 


On  adding  an  excess  of  ammonia  to  a  boiling  hydrochloric  acid 
solution  of  platinous  chloride,  a  green  precipitate  is  deposited  (green 

9alt  of  Magnus;  Pt"Cl2(NH3)2  or  "^^?  |  CL).     Of  this  salt  there  are 

also  yellow  and  red  isomers. 

The  hydrochloraU  of  diplatosamine  (Pt"H,oN4,2HCl,H40)  is  formed 
on  heating  '^  the  green  salt  of  Magnus"  with  an  excess  of  ammonia. 

The  svlphate  of  diplatosamine  {^i"lS.i^^^^O^  is  formed  when 
argentic  sulphate  is  added  to  a  solution  of  the  hydrochlorate. 

The  hydrated  base  diplatosavune  (Pt"HioN4,2H20)  is  formed  by 
actiiiflr  on  a  solution  of  the  sulphate  with  baric  hydrate. 

This  base  is  a  strong,  caustic,  deliquescent  alkali,  and  like  the 
>&aline  hydrates,  both  absorbs  carbonic  acid  from  the  air,  and  expels 
ammonia  when  added  to  its  salts. 

[Nitrous  acid  gives  with  the  salts  of  diplatosamine  a  blue  or  green 
Precipitate  or  coloration.] 

(2.)  Platosamine  {hydrated),  ReiseCs  second  base  [Pt"H4N2,H80  or 


This  is  prepared  by  heating  the  hydrate  of  diplatosamine  to  230^  F. 
(no°  C.)  so  long  as  it  g^ves  off  water  and  ammonia.  It  acts  as  a 
W,  forming  insoluble  but  easily  decomposed  salts  with  acids. 

The  hydrochlorate  of  platosamine  may  be  produced  by  heating  the 
^jrdrochlorate  of  diplatosamine  until  it  ceases  to  give  off  water  and 
•mmonia.    Thus — 

Pt"H4N4.2Ha,H«0  +  heat  =  Pt"H4N2,2nCl  +  HnO  +  2NH3. 
Hydrochlorate  of  :=    Hydrochlorate  of    +  Water  +Ammoiiia. 

diplatosamine  platosamine. 

(3.)  Flatinamine   {hydraUd),   Gerhardfs  base  (Pt*^H2N2,4H20  or 
J^}n2,4H,0) 

The  hydrochloraU  of  platinamine  (Pt*^H2N2,4HCl)  is  formed  by 
P^Bsing  chlorine  through  hydrochlorate  of  platosamine  suspended  in 
boiling  water. 

The  nitrate  of  platinamine  (Pt*^HoN2,4HN03)  is  formed  by  boiling 
the  hydrochlorate  of  platinamine  with  argentic  nitrate. 

The  hydrated  base  platinamine  (Pt*''H2N2,4H20)  is  formed  on  adding 
^^iiUQonia  to  a  boiling  solution  of  the  nitrate.  It  has  the  same  com- 
position as  that  assigned  to  fulminating  platinum. 

Other  platinum  compounds  derived  from  ammonia,  Buch  a^  Viki^  f^^\x^ 
^  Qios  and  BBewslrjr,  are  known.     They  are  belioyed  to  \>e  com*- 
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poun<1e  of  the  base  dtplatlnamtne   (Pt'^HoK^,  211.0),   ftllLough  tli^  1 
baao  itself  haa  not,  as  yet,  been  isolated.  I 

[  C0MP0ITHX>8   OF   Pl/^TDTUM   ASfD   ScXPHXTtt,  I 

^K                (1.)  Platinous  sulphide...  PtS.  I 

^P  (2.)  Platinic  sulphide PtS^  I 

(8,  9*)  These  sulphides  are  formed  hy  the  action  of  sulphuii^tte^i  I 
hydrogen  on  platimnis  and  platinic  chlorides  rti^pectively,  Pliitlni''  I 
sulphide  18  soluble  In  the  alkaline  sulphides  and  hydratids,  formui^'  I 
the  suiphQ'plaUnal€$,  J 

React  ions  of  Platinum  Compounds,  ^^M 

I  Platinic  StUU.  ^H 

1.  Sulphuretted  hydro^n;  a  blaok  ppt.,  soluble  in  etxcess  of  amm^Sl 
sulphide.  I 

2.  Ammonia ;  a  yellow  ppt.  (2KH^Cl,PtCl4),  deeomposed  by  hoat  I 

3.  Pokimc  hjdraU ;  a  yellow  ppt.  (2KCl,rtCl4).  I 

4.  Starinouit  chlaride ;  a  deep  brown  in  acid  solutions.  ^^m 

5.  Potasific  iodide ;  a  brown  ppt  of  Ptl^.  ^^M 
Kstimation  of  Platinum, — (1,)  As  a  me  tab  ^^M 
(2.)  As  apotasHic  or  ammimic  platinic  chloride—*                       ^^M 

I     •  100  (2KCl,PtCU)       =:4U*36Pt.  ^| 

^H  100  (aNH^d^PtOU)  =  44^18  PL  ^H 

r  MOLYBDENUM  (Mo).  H 

Atomic  wnghtf  96.    Aimnidtp;  dyad  in  tmlyhrhus  compounds  (an  MoC^B 
MoO),  and  tetrad  in  molyhdic  compontids  (MoO^i  M0CI4).  1 

Natural  History, — It  oocurs  chiefly  as  a  tlvsulphide  (called  moljb'  I 
dena  {fioXvi^t)an'(t)  from  its  resemblance  to  black<lead),  and  also  a&  M 
plumbic  moJf/bdale  (PbMoO^).  I 

Preparation.— The    sulphide    is    first    roasted,    whereby    MoOj" 
(molybdic  anhydride)  is  formed,     This  is  reduced  by  heating  with 
charcoal. 

Properties, — A  white  brittle  metal,  fusible  with  difficulty*  It  it 
oxidized  by  boiling  with  nitric  acid.  By  heat  it  combines  rntli 
chlorine  (MoClj),  forming  red  vapors,  which  condense  to  black  stali  * 

It  forms  three  oxides,  yiz.,  Mo"0»  Mo*^Q^,  and  Mo'^^Oj.  ir>^'r 
which  is  known  as  molybdic  anhydride,  is  prepared  by  roastinjf  ib^ 
sulphide  and  acting  on  the  residue  with  ammonia,  whereby  molyb<iAttf 
of  ammonia  is  formed,  a  salt  largely  used  in  the  labornt^ry  s*  a  tcs** 
reagent  for  the  presence  of  phosphates,  forming  with  pho 

phospho-molybdate  of  ammonia.     At  a  red  heat,  inolybu, ^i.^  . 

fusea  to  a  yellow  glass,  and  au\A\m^*   I^q  ^<a%xvSX»  U^dtato  is  kutiw'^^ 
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Molybdenum  forms  tliree  sulphides,  viz.,  MoS^,  M0S3  (sulpho- 
molybdic  acid),  and  M0S4  (persulphomolybdic  acid). 

It  forms  three  chlorides,  viz.,  molybdous  chloride  (MoGlg),  a  ses- 
quichloride  (MojCle),  and  a  molybdic  chloride  (MoC]4). 


Componnds  of  Holybdennm. 


SALTS. 


i 


0 

CD 


IColybdooB  oxide  Q;>rotozide) . .     . . 
Molybdio  oxide  (dioxide)        . .     . . 

„       anhydride  (trioxide) 
IColybdoiu  chloride 

Seeqniehloride  of  molyhdennm 

Holyhdio  chloride  (tetrachloride)  . . 

ICdlyhdie  disulphide       

„      triaulphide  (sulpho-molyb- 

dieaeid)        

IColybdic  tetrasulphide  (penulpho- 

molyhdio  acid)     


Formula 
(General). 


MoO 
MoO, 
Mo(J. 
MoCl, 

Mo,Cl^ 

M0CI4 
MoS, 

MoS, 

MoS^ 


Formula 
(Constitutional). 


Mo'O 
Mo'^0, 
Mo'^O, 

Mo"Cl, 

'Mo"Ti, 

'Mo^'Cl, 

Mo»'Cl, 

Mo»^S, 

Mo^S, 

MoS« 


1: 


^ 


112 
128 
144 
167 

405 

238 
160 

192 


I  Testa  for  Molybdenum  Compounds, 

L        (A.)  Tests  for  molyhdous  salts  (corresponding  to  Mo^O) ;  color^  black 

K    and  opaque. 

■       (B.)  Tests  for  molybdic  salts  (corresponding  to  Mo'^'O^) ;  color,  red- 

^  £ab  brown. 

^m     (^*)  Sulphuretted  hydrogen;  a  brown  ppt.,  soluble  in  ammonic  sul- 

^lihide. 

(2.)  Sodic  and  potassic  hydrates  and  their  carbonates ;  a  brown  ppt., 
soluble  in  ammonic  carbonates. 
(0.)  Tests  for  molybdates. 

m  A.  piece  of  zinc  in  a  dilute  acid  solution  of  a  molybdate,  turns 
^fiqmd  first  blue,  then  green,  then  black. 
(2.)  Sttmnous  chloride;  a  blue  ppt.  (Mo02,4Mo03). 
('*)  Acidi;  a  ppt.  of  M0O3,  soluble  in  excess. 
^&  molybdenum  compounds  color  a  borax  bead  dark  brown  in  the 
7^  flame,  and  yellow  in  the  outer  flame.    The  color  of  the  bead 
^^'"PpeaiB  on  oooling. 
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CHAPTER   XVIL 

THE  METALS  OF  GKODP  I. 

h%u>  Mid  iu  CompoufMU— StLVXK  and  its  Compounds— M  tjicrsT  ftni  itv  i 
poumli — TuALUiM  md  iu  Compoondi — Tirxosrsx  ami  Iu  i 


LEAD  (Pb=207), 

i(%,  1 1-445.     rutfff,  017°  R  (325^  C), 


=scytlia 


Aiomic  weight,  207.      " 
Atomicitff;  dyad 

History ----The  metal  was  known  to  th©  ancients  ( h^ 
Saturn). 

Katural  History. — It  ie  not  found  native,  but  occurs  almoet 
tirely  as  a  mlphitU,  **  galena  "  (PbS).     In  amall  quantities  it  ia  foua 
as  a  eat-fwnote  **  tpliite  lead  ore  "  (PbCOj)^  and  as  a  tfulphaU^ 
glosite  "  (PbSO,). 

Preparation*^ — Fnm  Galena — 1.  (a.)  The  ore  ia  firetr  of  all  tnis 
1^'itli  a  little  lime,  and  then  roneted  with  free  access  of  air^  in  a  : 
beratory  furnace.     The  following  changes  take  placo  :  — A  part  of  I 
PbS  becoraes  oxidized  to  PhSO^ ;  a  eeconU  part  lt>sea  its  S  (aa  80j 
whei^bj  PbO  is  left,  whilst   a  third  part  remains  undeisompoAtii ' 
Thus  a  mixture  results  of  PbSO^,PbS  and  PbO. 

(/>.)  After  the  mixture  of  PbSO^^PbO  and  PbS  has  b«M>n 
incorporated,  air  is  excluded,  and  the  heat  of  the  fumaoo  raised,  Th 
following  changes  occur :— The  sulphate  and  the  oxide  respectively 
decompose  the  lead  sulphide,  the  metal  being  reduced,  and  SOj 
set  free.     Thus — 

PbS  =     2Pb   + 

Lead  sulphide    ^=.    I^iid     -\- 

Pb8  --     3Pb    -h 

I^jid  tulpbidc    ^    Leud    -f- 
2.  Prtparaiian  of  pure  tead,^The  pui'e  nitrate  is  ignited,  aod  the 
oxide  formed  reduced  with  black  flux. 

Impurities.— Antimony  (forming  **  Aarrf  Uad  *%  manganese,  silrnr, 
tin,  iron,  copper. 

Purification  (**  Ri^Jining.  Improving  *^), — The  lead  is  first  melted. 
The  tin  and  antimony  present  (which  render  tlie  lead  hard)  oxidijf 
more  rapidly  than  the  lead,  Thr?  oxides  of  these  metals  are  mnovol 
from  the  surface  of  the  melted  metal  as  fast  as  they  aie  filRBA^ 
leaving  tho  load  in  a  pure  state, 
ilrtraction  of  Silver.— d  0  Coneemrtition  o/th^  mioer  ^tUif  hfj*mitim 
tsanU prvciss. — This  proceea  de^enAa  on  ^^  dt^c^s^m^Xuvcft  ll\^  the  aU/ 


Lead  iulpKate 

(il)      2P1.0 

Tjcad  oxide 


2SOs- 

Stijphttroii*  anhydri 

80,. 

9iilphuroua  onhydriu 
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H  BilvGr  and  lead  is  more  fusible  than  pure  lead.     Tho  lead  con-  I 

■Diniiig  the  silver  is  melted,   and  then  well  stirred  as  it  coolfl.     A  I 

fcortion  of  lead,  almost  entirely  free  from  silver,  first  solidifies  and  | 

Kinkft  to  the  bottom  of  the  vessel  in  the  form  of  tTystalline  grains.  I 

mthe    silver   remains  dissolved    in  the  liquid  metal,   which  ia  then  J 

voured  ofif  from  the  solid  portion.  I 

■     (2.)  The  silver  is  now  obtained  from  this  concentrated  argentifer-  I 

Potis  alloy  by  "  nt/>e//ahV'7r,"  as  follows: — The  alloy  is  exposed  to  a  I 

liigh  temperature  in  a  free  current  of  air^  whereby  litharge  (PbO)  ia  I 

farmed*     Thi^  PbO,  which  fuses  at  a  low  temperature,  is  then  separ-  I 

mtod  from  the  silver,  by  merely  allowing  tho  melted  litharge  to  run  oil",  I 

thereby  leaving  the  silver  in  a  state  of  comparative  purity.  I 

Properties. — ^(a*)  Phyt^kaL   Lead  is  a  bluish- white  metal,  very  soft  I 

rhen  pure.     Its  softness  is  more  or  less  destroyed  liy  the  presence  of  I 

plumbic  oxide,  a  small   quantity  of  which  is  soluble  in  the  melted  I 

letab     It  is  nut  very  nudleabie  or  ductile.     By  slow  cooling  it  may  I 

I  obtained  in  cubes  and  octahedra.     At  a  heat  of  617^  F.  (325^  G) 

fuses,   and   at  a   white  heat    boils  and  volatilizes.      It  contracts  I 

tcmsiderably  at  the  moment  of  solidification.     It  is  inferior  to  most 

iietals  as  a  conductor  of  heat  and  electricity,  I 

(/3*)   ChcmicaL    Actwn  of  air, — A  perfectly  dry  air  is  without  action  I 

on  lead  at  ordinary  temperatures,  but  it  rapidly  tarnishes  in  moist  air,  1 

film  of  oxide  forming  on  the  surface  of  the  lead,  which  prevents 

Qy  further  action.    At  high  temperatures,  the  metal  rapidly  absorbs  I 

oxygen,  emitting  white  fumes  of  lead  oxide,  and  at  the  same  time  I 

ilizing  slightly.  ^J 

tcikn  of  water. — Pure  nn-aerated  water  has  no  action  on  lead,  ^M 

iction  of  air  and  wa(a\ — Lead  rapidly  oxidizes  from  the  combined  1 

Juence  of  air  and  water,  the  water  dissolving  the  lead  oxide  formed 

by  the  action  of  tho  air,  leaving  a  clean  surface  of  load  for  the 

fiirtlier  action  of  the  air.    This  solution  of  the  oxide  absorbs  carbonic  I 

Mihydride  from  the  air,  whereby  a  basic  lead  carbonate  is  precipitated  | 

[PbCO^.PbHgO^).  The  water  is  then  capable  of  dissolving  fresh  oxide  I 

^Boon  as  it  is  formed  on  the  surface  of  the  lead.     Thus  the  almost  I 

|)lete  corrosion  of  metallic  lead  (as  in  e.  g.^  in  old  leaden  coffins) 
"effected,  with  the  conversion  of  the  metal  into  a  basic  carbonate. 
The  ci rmmfitanc(»  iitjltunttnfj  thi<  comhined  action  of  air  and  water  on  ,^J 
etifl  are  important,  viz. : —  ^M 

1.  The  presence  of  chlondos,  nitrates,  nitrit»?s,  and  ammonia  in  the  ^i 
^^ior  promote  rffTTOSion*  I 

2,  The  presence  of  sulphates,  phosphates  and  carbonates,  especially  I 
c&lcic  carbonate  in  water  conttdning  C0„,   hinder  corrosion.     The  I 

preeoficd  of  a  limited   quarditt/  of  carbonic  acid  in  water  interferes  I 

nth  corrosion .  by  fixing  on  the  lead   a  film  of  insoluble  ^\u\tv\a5;.      ] 

■rbcmate;  whilst  an  exct^s  of  CO^  may  increase  corrosvon,  ^Xumt^a   I 

rhonate  bmng  soluble  in  water  iiighly  chai  ged  \viI\l  t\ie  gaa.     Oivl 
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bniltngi  the  soluble  lead  carbonate  subsides  as  the  gas  esca| 
The  presence  of  vegetable  matter  in  water  also  hinders  corrosion, 
coatiug  the  metal  witli  a  compotind  of  lead  oxide  and  organic  maH 
In  contact  with  air  and  sea-water  an  oxide  and  a  chloride  of  lead 
formed.  Calcic  sulphate,  in  the  presence  of  moisturej  rapidly 
rodes  lead.  This  is  seen  when  lead  pipes  are  placed  in  contact  w 
plaster. 

Action  of  Acifh — ^Sulpburic  acid  and  hydrot^hloric  acid  do  not 
on   lead    at    ordinary   temperatures,    and   only  slightly  oven    wh 
boiling.     Nitric  acid  (especially  if  dilute)  dissolves  it,   nitric  ox 
being  liberated.     Acetic  acid  dissolves  it  rapidly,  changing  it,  in 
presence  of  carbonic  acid,  to  wMte  lead.     Hence  green  oak  w 
(which  contains  acetic  acid)  should  never  be  placed  near  lead  fittii^ 
in  building**,  nor  should  metallic  lead  ever  be  allowed  to  be  in  conti 
with  acid  li(_[uids  that  are  used  as  food. 

Salts  of  Lead. 


L 


SALT. 


7. 

a. 

9. 
10. 
11. 

12. 
IS. 

15, 
16, 


/riurahonB  oxide;  sub- 
I      oxide  of  Itfad 

I  Pliimbi(3   oxide^ 
/       (Lithargi?) 
\  Plnmbic     dioxide     or 
peroxide  (VL^ttncrite) 

Minium  or  red  Undi, , 

Plumbic  eblotido 

Mutlockite 

(Pftttin&oti*H 

whitG  cixy- 

chloride). 

Oxy- 
cMoridefl\  Mendipit^. 


patent      or 

^     yelllow . 

Pliiinbic  bromido 
Plumbic  iodide  . , 
riutubic  fiitoride 


pf  /riQmbotifl  Biilpbide 
%[   Plumbic 


I  \       (gftlena) 


gulpbide 


'  Plumbic  pcrsiilphide. , 
Plumbti;  ielenide 
PJumbic  Bulpbate 
Flum  hie  nittEt^ . , 
Plumbic        carbonate 
(ie&d  epar) 


Formulu 
(Common}. 


Pb.O 

PbO 

PbO„ 
I    PbO^PbOj 
/2Pbn,Pbn, 
(3PbO,PbO. 

PbCl, 

PbO,PbCl, 

J  2PbO;FbCl, 
{   7rbO,PbCl, 


PbBr, 

PbL 

PbF, 

Pb,S 


PbS 

PbS,(?) 

PbSo 

PbSQ^ 

PbaHO 

PbCO^ 


Forrouk 
(Consdtationol). 


(         Pb,, 

PbO 

PbO, 
Pbopuo'' 
PbPW, 

PbC3, 

PhCl 

0 

PbCl 

PbCl 

0 

Pb" 

() 

PbCI 

Pb/J,Cl, 


PbBr, 

PbL 

PbF, 

Pb^ 

Pb^ 

PbS" 
SOjPbo" 


^  . 

;S*i 

'O    K 

c-^ 

m  - 

'5  V 

o  h- 

ObC 

55 1=- 

OOO 

223 

9-4 

239 

9'i 

27a 

S*8 

507 

6  03 

461 

6*38 

239 

7-65 

80 

303 

6'3 

3S1 

\ 

44 

\    .  ^ 

m 


PI 

PI 
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Alkalies  have  no  q)ecial  action  on  lead. 

Chlorine  acts  on  lead  until  a  sufficient  protective  covering  of  lead 
cliloride  has  been  formed. 

Uses. — For  such  alloys  as  type-metal  (Pb  and  8b),  shot,  solder, 
«tc  The  metal  is  largely  used  in  building  operations,  as,  e.g.,  for 
cisteniB,  xoofingi  etc.,  and  also  in  the  construction  of  sulphuric  acid 
c^hambers. 

CoMFOXJiYDS  OP  Lkid  and  Oxygbn. 

PI umbous  oxide         Pb^O. 

Plumbic  oxide  PbO. 

Plumbic  peroxide      ...         ...         ...         ...  PbOg. 

Bed  leads        PbA;  I'b^;  ^\0y 

(L)  FlnmbOllS  QuiiSlB.— Suboxide  of  lead  (PboO). 

^^epoiation. — (1.)  By  heating  plumbic  oxide  to  redness. 

(2.)  By  heating  lead  oxalate  to  HOS^  F.  (320°  C). 

^fopertief, — A  grey  substance.  Plumbic  oxide  and  the  metal  are 
formed  when  plumbous  oxide  is  acted  upon  by  acids. 

(2.)  Plumbic  Ozido. — Lead  protoxide  or  monoxide  ;  litharge;  massicot 
(PbO). 

Atomic  weight,  223.     Specific  gravitf/^  9*5. 

Preparation.— (l.)  (^As  a  hydrate,  2PbO,H.P;  SPbO.HgO).    By  pre- 
ci[Htati]ig  lead  solutions  with  alkalies. 
(2.)  [Anhydrous),    By  heating  lead  in  air. 
(3.)  By  igniting  the  carbonate. 

Properties, — (a.)  Physical,  Lead  oxide  is  found  of  various  colors. 
It  is  yellow,  if  the  heat  used  in  its  preparation  be  below  that  neces- 
saiy  to  fuse  the  oxide  (massicot) ;  whilst  it  is  red  (due  to  PbgO,)  if 
tfae  heat  used  be  great  (litharge).  Litharge,  when  heated,  turns 
brown,  the  brown  color  disappearing  as  the  oxide  cools.  It  fuses  at 
a  bright  red  heat,  at  which  temperature  it  combines  with  silica  and 
clay  (such  as  clay  crucibles)  to  form  a  fusible  silicate  of  lead.  It  is 
easily  reduced  when  heated  with  organic  matter. 

(/3.)  ChemicaL — ^Litharge  is  slightly  soluble  in  water,  solution 
being  favored  by  the  presence  of  organic  matter,  and  hindered  by  the 
presence  of  saline  matters  in  the  water.  The  solution  is  alkaline.  It 
absorbs  CO2  from  the  air  with  great  rapidity,  a  lead  carbonate  being 
precipitated.  It  is  a  powerful  base,  and  exhibits  a  great  tendency  to 
Ibrm  basic  salts. 

It  is  soluble  in  alkaline  solutions,  forming,  with  the  alkalies,  com- 
pounds that  are  easily  decomposed. 

&#ef. — As  a  glaze  for  earthenware.     Also  in  the  manufacture  of 
glasa,  on  account  of  the  ease  with  which  it  combines  with  silica  at  a 
high  temperature.    As  a  flux.   For  "  dhil  mastic"  (a  mixture  of  lead 
oxida  and  briokdusty  made  into  a  paste  with  linseed  oil"),  a  eom^uxi^ 
vhidh  MtB  yrBTjrhArd,  and  ia  used  for  repairing  stone.    As  aliait  d^^ 
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(asolulioii  of  iKe  oxlAo  in  Hme-water},  the  &ut|ihiir  of  the  luurfoi 
the  hlack  PbS  with  tho  load. 

(3.)  Flmnbic  Peroxide  or  Jav^itU.—Puc^^  or  krovm  ttdd 

rrbO^)  [Mo(.  Wl  23'J  ;  8p,  Gr.  94 J.    Thi«  compcjuod  U  ibtind 
(heavy  lead  ore). 

rrepnration.,—{\,)  By  digeeliug  red  lead  in  bailiiig'  dJlate  m 
acid. 

(2.)  By  fuaing  together  llthargo,  potasslc!  oHlorato  aad  aitr^ 

Properties* — X  brawn  substaDce^  insoluble  in  uratcr  and  in  aci 
It  18  decomposed  at  a  red  heat  (2Pb02=2Fb04  O.^}.     It  nr\  — 
powerful  oxidising  agent ;  heuc©  its  use  in  the  manufiicinru  uf 
n^atches,  for  the  purpose  of  igniting  the  sulphur,  and  in  thft  laborait 
as  an  absorbent  of  eulnhurous  anhydride  (PbO^  +  S05=:Pb804). 
form*,  with  hydrochloric  acid,  lead  chloride,  and  with  ^tilphuric 
lead  sulphate,  chlorine  being  evolved  in  the  f«'  -,  and  oxv] 

in  the  latter*     Its  properties  are  acid  rather  th  ;  hence  it 

been  called  ptumhic  acid,     Thua  it  combine*  with  the  alkalies,  as  m 
the  suit  potassic  plutnbate  (KoO,PbO,2,3H^,0). 

(4.)  Bod  Leads.^ — Minimn,   A  substance  usually  rnproeentod  by  ihi 
formula  PbjOjj  and  less  frequently  as  Pb^O,  and  Pb^O^. 

Preparation. —  By  exposing  plumbic  oxide  which  baa  not  been  fu*«I 
(masfiicoti,  to  a  faint  red  heat  of  608''  F.  (320^  C),  for  aocna  Iioutj 
the  presence  of  air. 

Proper ti*:^, — A  heavy  red  powder  TSp*  Or,  0*08),  evolving  o: 
when  heated  (2Pbj,04=6PbO-|-02).  Most  acids  deeomposQ  it,  foi 
plumbic  salts  and  plunibio  peroxide. 

Use^* — In  the  manufacture  of  flint  glass.     For  tliis  purpose  it  mt 
be  very  pure,  for  if  other  oxides  be  present,  the  glass  will  bo  cuUire4^ 

(5:)  Plumbic  Chloride  (PbCI^)  [Md.  Wl  ii78 ;  Sp.  Or. 

found  native  as  **  horn -lead.** 

Preparation, — By  precipitating  plumbio  nitrate  with  liydroel 
acid. 

Properties. — ^A  white  substance,  almost  insoluble  in  cold  water, 
soluble  in  boiling  water  (1  in  33),  from  which  solution  it  is  dep< 
in  white  needle-crystals  on  cooling     It  fuses  by  heat  into  a 
substance,  which  at  a  higher  tomperature  volatilizes, 

(6-)  There  are  several  Oxychlorides  of  lead  ;  f.g.^  (1.)  Pat^^*/Hii' 
white  oxv  chloride  (Pb(),rbCL),  a  compound  used  as  a  sub> 
white  lead.  It  is  prepared  by  adding  lime- water  to  a  solution  ot 
in  hot   water   (2Pb(l2  +  Oab=rbO,PbC]o'f  CaCl^}.     (2.)   ; 
{2PbO,PbCls)*  (3.)  Turner's  yellow  (Paris,  patent  or  minoral  y«>Il 
(7PbO,PbCn^),  prepared  by  heating  together  litharge  and  ami 
chloride. 

A  red  Chlorosulphideof  Lead  (3Sb8,2Pba,)  may  } 
nrecfpitating  an  HC\d  8oV\iuot\  ol  \>\\vmVa(i  oiar.rldH  wirli  i 
an  ©jccoss  of  the  gas. 
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(8.)  Plumbic  Iodide  (Pblg)  [ifol.  Wt.  461  ;  Sp.  Gr.  6-38]. 
Preparation. — By  mixing  together  solutions  of  plumbic  acetate  and 
potaasic  iodide. 

Properties, — A  bright  yellow  powder,  soluble  in  hot  water,  the  solu- 
tion on  cooling  depositing  golden  scales. 

A  blue  compound  of  an  oxy-iodide  with  a  lead  carbonate  is  known 
lPb,0I^,4PbCO3). 

Compounds  of  Lead  and  Sulphur. 

1.  Plumbous  sulphide         PbgS. 

2.  Plumbic  sulphide  PhS. 

3.  Plumbic  persulphide      PbSa  (?). 

.  (10.)  FlumboilS  Sulphide.— 5tt&«w//)/«V/e  of  lead  (PbgS).     This  body 
w  produced  during  the  process  of  smelting  galena.     It  may  he  pre 
pared  by  heating  PbS  in  close  vessels,  part  of  the  sulphur  being 
expeUed. 

(U.)  Pluoibic  Sulphide. — Protosulphlde  of  lead;  galena  (PbS) 
{^ol,  Wt.  239  ;  Sp,  Gr.  7-69].     Found  native  as  galena. 

Pfeparaiion, — (1.)  {As  a  hydrate.)  By  the  action  of  II^S  on  a  salt  of 
lead. 

{^  {Anhydrous.)  By  fusing  together  sulphur  and  lead. 

^f»perties. — When  heated  in  air,  a  mixture  of  plumbic  oxide  and 
l^iuubic  sulphate  is  formed,  a  part  of  the  sulphur  being  expelled. 
Nitric  add  converts  it  into  a  sulphate :  boiling  hydrochloric  acid  de- 
^'wapoees  it,  with  the  evolution  of  HgS. 

Lead  Oxy-salts. 

(15.)  Plumbic  Nitrate  (Pb2N03).    (Mol.  Wt.,  331  ;  Sp.  Gr.,  4'A). 

Preparation. — By  dissolving  the  metal,  or  the  oxide,  or  the  carbon- 

*^  of  the  metal,  in  dilute  nitric  acid. 

'       Properties. — A  white,  opaque,   crystalline  (octahedral)   substance, 

•liable  in  water  (1  in  8  at  60°  F.),  and  decomposed  by  heat  into  PbO, 

^.  and  N A- 

Several  basic  plumbic  nitrates,  such  as  (Pb2N03,PbH202),  etc.,  and 
**^  Beveral  plumbic  nitrites,  are  known. 

Iiead  combines  with  the  various  modifications  of  phosphoric  acid,  to 
^0|*|||  iojKilMB  plumbic  phosphates  {see  page  137). 

Plumbic  chromate  (PbCr04)  is  a  pigment  known  as  chrome  yellow. 

.    (14.)  Humbic  Sulphate  (PbS04),  (Afoi.  Wt.,  303:  Sp.  Gr.,  6-3), 

'^  found  native  as  •'  Anglesite,"  or  "  lead  vitriol,"  and  also  mixed  with 
'^^  carbonate  as  "  Lanarkite." 

Preparation. — (1.)  By  adding  sulphuric  acid,  or  a  soluble  sulphate, 
^  a  salt  of  lead  in  solution. 

(2  )  It  oceurs  as  a  secondary  product  in  the  manufacture  of  alumi- 
^i<5aoetate« 

PrqperfMi;— JL  white  powder,  aoluhle  in  amnu)nic  acetate  auft.  \u 
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concentrated  sulphuric  acid«  slightly  soluble  in  nitric  and  m  b;^- 
chloric  ndds,  insoluble  in  water. 

A  piumhic  sulphite  (PhSO,)  is  known, 

(16.)  Carbonate  of  Lead  (PbCOj,),  (Sp.  Gr.  6  46),  is  found  natiT^J 
as  **  ci^rusite,**     White  lead^  or  ctn^unt^  is  a  basic  carbonate  (eitlitt 
aPbCOj.PbHgOj  or  2PliC03,rbHtOtf)- 

Prqtaration  of  While  Uad.^The  principal  reactions  mvolved  initi 
preparation  aro  as  follows :  — 

(L)  The  formation  of  acetate  of  lead,  Pb(CtHjOo)^,  hy  the  aA^tion « 
acetic  acid  on  oxido  of  lead* 

(2,)  TfihaHtc  metate  of  had  is  then  formed  [Pb(C,IIA>>n2PbO],  !ij 
combining  the  acetate  of  lead  with  two  molecides  of  PbO. 

(3.)  By  acting  on  this  tribasic  lead  acfcvtate  with  CO.*  the  lead^ 
is  converted  into  carbonate,  whilst  the  acetate  of  lead  that  n?tnfl 
again  capuble  of  cottibining  with  more  oxide.     Thus — 

PMCgH A)«,2PbO  +      2CO«      ^  2PbC0,   -h    PbM.i; 
Banit  aceUl*  of  lend     +     C«rtomo    ^    Pluoibio    -f     Plumbic  o > 

Procf.Hfien  adopted  in  the  P/rpafui*on  of  White  Lead: — 

(A.)  Dutch  Prorr.*<#.  —  A  piece  of  lead  is  placed  in  an  earthea 
containing  crude  vinegar.  A  large  number  of  these  pots,  built  i 
hetipSp  are  imbedded  in  spent  tan,  an  arrangement  being  m4 
gratings  fur  the  supply  of  air.  After  some  weeks,  the  lead  b*3 
almost  entirely  converted  into  carbon  ate »  the  lead  acetate  com  I 
with  fresh  plumbic  oxide,  as  soon  as  that  with  which  It  is  air 
combined  is  converted  into  carbonate.  The  vinegar  supplies  the 
acid,  und  the  putrifying  organic  matter  (the  tan)  the  caibouic  aithji 
dride.  The  carbon ute  is  then  ground  and  levigated^  an  operatiol 
which  acts  very  delttterioualy  on  the  work -people. 

(B.)   The  nurd*  a  Pr-oceft^. — This  consists  in  boiling  together  litliarg« 
and  acetic  acid»  and  decomposing  the  triba&ic  acetnte  form*  ' 
current  of  carbunio  anhydride.     The  product  is  said  to  be  u 
a  pigment  to  that  prepared  by  the  former  process. 

/*ro/j**/^i>;f,— Lead  carbonate  is  insoluble  in  water,  unless  uu 
be  charged   with  carbonic  acid.     Heat  decomputtes  it  into  CO^  i 
PbO.     Acids  dissolve  it,  with  efl'ervescence. 

In  common  with  all  lead  salts,  lead  carbonate  is  blackened  by( 
mere  trace  of  sulphuretted  hydrogen.  The  blackening*  however^  dw 
appears  on  prolonged  exposure  to  light  and  air^  the  bla^L^k  pluml 
Buljihide  becoming  converted  into  the  w^hite  plumbic  sulphate. 

Meactiom  of  Lead  Compoundi, — {See  Analytical  Tables.) 


SILVEE  {Argtntum)  (Ag'=108), 

Atomic  w^iffhtj  108.     Mott^ular  ttfight  (prohabh)^  ^\%^     Specific  gmt\ 
10-5.  Fuses  at  1CSI°F.  (916^0.).  Atomintif  monad.  (AgOly  Ag|<A| 
JHjstory,— Silver  was  knoNvn  lo  \\x©  i«vtLV5\v\a  i^  •>  — \^\a^. 
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I  Kattiral  History*— SHrer  is  found  in  a  free  state.  It  also  occurs 
I  a^  a  ^t4 1 phuh',  ^*  silver  glance;*'  as  a  chloride,  **liom  silver;'*  and  as  a 
I  turhonate ;  also  as  a  compound  of  bromide  and  chloride,  **  embolite  *' 
I  (5AgBr,3AgCl) ;  and  as  a  mlphantimoniU^  '*  dark-red  silver  ore."  It 
I  is  present  in  small  quantities  (2  or  3  oxs.  per  ton)  in  galena  (PbS). 
I  Extraction* — ( l*)  Liquatian  Proee$i  ofPailimon. — From  argentifor* 
I   ima  lead  {iset  page  410). 

■  (2.)  Amalgamation  Process. — Tke  powdered  ore  is  first  roasted  with 
H  «odic  chloride,  whereby  a  silver  chloride  ia  formed.  The  mass  is  then 
H  agitated  in  water^  with  mercurj  and  scraps  of  iron.  The  iron  re- 
H  ^uues  the  silver  to  the  metallic  state^  whilst  the  mercury  dissolves  the 
H  l^uced  silver.  The  amalgam  is  then  heated,  by  which  means  the 
H    "^parstion  of  the  mercury  from,  the  silver  is  effected, 

■  Prtparaiion  of  pun  Silver. — ^Dissolve  the  impure  metal  in  nitric  acid ; 
ll^edpitate  the  silver  as  AgCl,  with  hydrochloric  acid ;  collect,  wash^ 
^^H  and  fuse  the  precipitated  chloride  with  anhydrous  sodic  oar- 
^^^ate  in  an  earthen  crucible. 

I  Properties. — i^-)  PhymcaL  A  white  metal,  with  high  lustre,  very 
I  ^^eable  and  ductile,  and  the  best  conductor  of  heat  and  electricity 

■  *^wn.     It  may  be  crystallized.     Specific  gravity,  10 "5,     It  is  harder 
**^to  gold,  but  not  so  hard  as  copper.     Very  thin  leaves  ore  said  to 

■  **%ii8mit  a  bluish-green  light. 

I      It  ia  slightly  volatile  by  heat.     It  fuses  at  1681°  P.    (916°C.),  ex- 
Finding  greatly  at  the  moment  of  ita  solidification. 

(/3.)  Chemical,  Silver  is  unaltered  at  any  temperature  either  by 
^^^istur©  or  by  air  (Ozone  probably  oxidizes  it).  When  melted,  how- 
ever, in  air,  it  mechanically  absorbs  more  than  22  times  its  bulk  of 
^Xygen,  disengaging  it  again  as  it  solidifies.  (This  accounts  for  what 
*%  Imown  as  the  spitting  of  the  globule.)  This  absorption  of  oxygen 
***ay  be  prevented  by  the  addition  of  1  or  2  per  cent,  of  copper  to  the 

Action  of  Aeidn. — Hot   sulphuric  and  dilute  nitric  acids  dissolve  it. 

"With  the  former,  AgjSO^  is  formed,  and  80^  evolved  ;  and  with  the 

"^Iter,  AgNOj  is  formed,  and  nitric  oxide  (N^O^)  evolved.     Hydro- 

*iIilortc   acid   ia  decomposed   by  the  red  hot   metal,  hydrogen  and 

•fgentic  chloride  being  formed. 

Stiver  is  unaffected  by  the  alkalies.     It  combines  with  the  haloids. 
^Nad  be  fused,  or  even  kept  for  a  time  in  a  silver  dish,  AgOl  and 
NiHO  will  be  formed.     It  unites  when  fused  with  phosphorus.     Ita 
iittraction  for  sulphur  ia  great ;   hence^   when  exposed  to  the  air  it 
i^pidly  blackens,  Ag^S  being  formed  by  the  action  upon  it  of  the  HgS 
pretent  in  the  atmosphere. 
Uses. — I^or  coinage  and  plate  (925Ag  and  75Cu  =  1000  English 
I  standard  silver).    **  Frosted  silver  *'  is  produced  by  heating  the  silver 
in  air  and  immersing  it  when  hot  in  dilute  sulphuric  acid,     Oxidited 
mhtr  ia  produf?^  by  dipping  the  metal  in  a  aolution  dbtaiiiQ&  'b'j 
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jjoiling  together  sulphur  and  potash^  whereby  tha  allvei  becotDB] 
covered  with  a  minute  film  of  sulphide,     1  i?  is  perfor 

hj  depositing  silver  on  some  baser  metal  h^  l 


Compounds  of  Silvee  akd  Oxyokx. 
Argen  tous  oxide      *  * .         *..         ♦ . .         * . ,     A  ^^O. 
Argentic  oxide  . , .      \       ' 

Argentic  peroxide  ...         ,  _,         ...     A^j  ^ 

(1,)  Argentous  Oxide  ;  Suboxide  qf  silver  (Ag^O). 

Preparation. — By  heating  argentic  citrate  to  212*^^  (100^C,)«tt| 
stream  of  hydrogen.     The  residue,  which  contains  argeutous  eit 
is  then  diBsolved  in  wat^r,  and  the  argentous  oxide  precipitated  I 
the  solution  by  potassie  hydrate* 

Proptrties. — A  black  powder,  easily  decomposed  by  heat  and 
chemical  reagents.     It  is  soluble  in  ammonia, 

(2.)  Argeatic  Oxide;  Protoxide  of  iiiver  (Ag^jO).  [al  ir 

Sp,  Or.,  7*2]. 

Preparation.— By  the  action  of  a  heat  of  140*^  F.  (GO*'  C.)  ou 
brown  hydrated  oxide,  produced  when  potassic  hydrate  is  mhUi 
solution  of  a  soluble  silver  salt. 

Properties, — (a,)  Physical.  A  brown  substance,  der 
red  heat  (AgsjO^Agg+O),  and  also  partially  by  the 
light 

(fl)  ChemicaL — ATgeutic  oxVd^  \s    a  powerful   base, 
neutralizing  acida^    the  fealU  iotme^  \i^\w^  \v>mQTi^Q^  with 


m 


alkaline  salta.  Its  Bolution  m  water  (in  which  it  ia  slightly  soluble) 
IB  feebly  alkaline.  It  i»  inaoluble  in  solutionQ  of  sodic  or  of  potasaic 
kydrateep  but  diseolTes  readily  in  ammonia,  the  solution  slowly 
depositing  the  explosive  argentic  nitride,  or  ^^fulminating  silver  *' 
(AgjN  ?).     It  forms  a  yellow  glass  with  the  fusible  Bilicates.  I 

(3,)  Argentic  Peroxide  (Ag^Oa)  is  deposited  in  small  grey  crystals   ■ 
oil  the  positive  pole  of  the  battery,  when  a  voltaic  current  is  passed  ^ 
through  a  solution  of  argentic  nitrate.     With  nitric  and  sulphuric 
acids,  oxygen  is  liberated,  and  argentic  salts  formed.     From  hydro- 
clilonc  acid  it  liberates  chlorine.     It  both  decomposes  and  is  decom- 
poaed  by  ammonia,  nitrogen  being  evolved. 

Compounds  of  Silver  anb  Chlorotb*  ■ 

Argentoua  Chloride  *..         ...         ..♦     Agj^CL  I 

Argentic  Chloride  *..         .*.         ,.,         ...     AgCL  m 

(4.)  ArgentoUS  GUoride^  Subchloride  of  silver  (Agjjd). 

Pnporadrms — Either  hy  precipitating  a  solution  of  argentous  citrate 
^i4  Bodic  chloride,  or  by  the  action  of  ferric  chloride  on  metallic 
silver  (2 Ags  +  Fe2Cl5=  2 Ag^Cl  +  2Fea2) . 

Properties, — A  black  substance  inaolnble  in  nitric  acid.  By  the 
•fition  of  heat  or  of  an  ammonia  solution,  it  is  converted  into  silver 
wwi  argentic  chloride. 

.(5.)  Argentic  Chloride  (AgCl).— [.t/f>^.  Wi,  143^6;  Sp.  Gr,  5-5]. 

cilver  chloride  is  found  native  both  in  cubical  crystals,  and  also  as  a 
*ODjpact  semi- transparent  mass  called  **  born  silver.**  It  is  found 
*s«ociated  with  argentic  bramide  in  **  embolite." 

Pirpajfitwn. — By  adding  hydrochloric  acid,  or  a  soluble  chloride,  to 
*  soluble  silver  salt 

Propettifii. — ^A  white  substance  becoming  violet  on   exposure  to 

%K  Ag,jCl  and  free  chlorine  being  formed.     The  decomposition  is 

1^  rapid  if  the  chloride  be  very  pure,  and  more  rapid  if  organic 

^it6T  he  present.     It  melts  at  500°  F.  (260"  C.)  becoming  a  horny 

^Aw  as  it  cools.     It  ia  slightly  volatile,  but  does  not  decompose  at  a 

%lr  temperature.     It  is  insoluble  in  nitric  acid,  but  is  soluble  in 

filing  concentrated  hydrochloric  acid  ( 1  in  200)  from  which  solution 

^*  may  be  precipitated  by  dilution  with  water.    It  is  also  soluble  in 

•^^liilions  of  the  alkaline  and   earthy  chlorides^  forming  with  them 

*^^uble  salts.     Ammonia  dissolves  it  freely,  depositing  crystals  of  the 

I  ^Woride  on  evaporation.     Cold  solutions  of  potassic  or  aodie  hydrates 

'  *^o  not  act  upon  it,  but  when  concentrated  alkaline  solutions  are  boiled 

^ith  argentic  chloride,  an  alkaline  chloride  is  formed, and  argentic  oxide 

i^recipitnted-     The  oxide  is  reduced  when  heated  with  glucose.     The 

Jhloride  absorbs  ammonia  gas  freely,  but  gives  it  up  when  heated. 

*t  is  soluble' in  solutions  of  tJje  Jijpt/saJphites  (thiosulplialoa'),  bI^o  m 

soluble  sulphites  aad  in  patuaaic  cyanide.     'Wb.en  d\\^eaX^  \u 
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Boladont  of  potame  1m>tiudo  or  lodido,  Af|p«iilic  biomide  aftd  io^i^ 
are  foimed,  potenk  eidoride  ranmittnig  in  MltttloQ.     It  i»  i»)t  ndjti^ 
wben  liattled  witk  c^rbaii ;  hot  it  k  reduced  ettEer: — (L)  Wbeaj 
hMted  ia  a  current  of  hydnigcn(2Aga+H,=Agt+^Ha);  orat)j 
Whea   ignited    with  tkt  alkalioe  carbouftias    (4AgCl4^3Ni4O0,=| 
4Naa-f  2CX),+0^-|-2Agt) ;  or,  (3  )  W1i0a  tooaght  into  cotttiii.-t  witl 
«1m  aaaily  oudisaUa  matela  (e^^  Zo,  Fe^  4c>.  Th^  ohlonde  b  lArg«l| 
need  m  pbotograplij. 

(6  and  7.)  Argentic  Broimde  (AgBr=l8»)  aod  Argentic  lodidij 

(Agl=235>, 

PrrparatMm.^Bj  adding  potaaaic  Inoiftide  or  potMBic  iodid9|  to  i 
aolution  of  argenUc  nitrata 

ProperiiM. — Botk  aalta  haye  a  j^How  colour.  Thej  are  inaotub 
in  acida,  not  reiy  aolnble  in  ammonia^  but  freely  soluble  in  a  solttti 
of  aodic  bTpoenlpbile  (tbioaulphate), 

i^gentic  iodide  is  soluble  in  a  botUng  aolntton  of  argentic  nit 
orjstals  being  deposited  on  cooling,  baring  the  formula  ( A^I« AgNC 
These  cryatala  are  more  sensitive  to  light  even  than  the  iodide. 

QOMTQVVtm  OF  fiiLTB&  AKB  SlILPHtnU 

(9.)  Argentic  Snlphide  (Ag^8).   [J/di  JTl  24S  ;  Sp.  Gr.  7-2.] 
Kutural  Hitiior^, — It  i§  found  natiTe,  both  mattsive  and  in 
aa  "  silrer  glance/*    It  also  ooours  combined  with  the  stilphidei 
antimony  and  arsenic  as  **  dark  **  and  "light-red  ailrer  ores.'* 

FrtpatQUim, — ^(1.)  Bj  passing  sulphuretted  hydrogen  through 
solution  of  a  salt  of  silver. 

(2.)  By  heating  the  metal  with  sulphur  in  a  covered  cmcibl^v 
Ftop€fti€A. — (a.)  Ph^tal  It  is  a  soiV  dark^yotoured^  fusible  bodjj 
conducting  electricity  when  hot,  but  not  when   cold.     It  fuses  wbi 
heated,  if  air  be  excluded^  but  is  deoompostpd  when  roasted  la 
open  air* 

Boiling  sulphuric  add  forms  with  it  argentic  sulphate  and^j 
Boiling  hydrochloric  acid  forms  argentic  chloride  and  11<^. 
acid  forms  with  it  a  yellow  body,  having  the  formula  (Ag^8,AgN^ 
The  alkalies  decompose  it,  when  heated  with  it  It  is  not  aOlii 
in  the  alkaline  sulphides.  It  is  decomposed  by  oapric  i\ 
argentic  chloride  being  formed,  and  also  by  ignttion  with  many  ( 
the  metalsj  such  as  Cu,  Pb,  Pe,  etc. 

Oxy  Salts  of  Silver, 
(10-)  Argentic  Snlphate  (Ag,so,).  {MoL  Wl  3i2;  Sp.  ^-  -^^^ 

Prtparation — Bj  boiling  together  silver  and   sulphuric  u 
which  solution  the  salt  may  be  precipitated  on  the  additi n  m^ 
Properties. — A  crystaUine  body^  somewhat  inBolubl©  lu  v.  ..\-\ 
200  aq.  at  60^  F. ;  I  in  %%  ai^^  ^l  ^\^1i^. 
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An  acid  sulphate  (AgHSO^)  has  also  been  prepared, 
(11»)  Argentic  Nitrate. — Nitrate  of  ailvfr  ;  lunar  caustic  (AgNO.|). 
[Jfo^.  ^F^,  170 ;  Sp,  Gr,,  4^33  ;  fuses  at  426°  F.  (219°  C,)] 

Preparation, — By  di»fiolving  the  metal  in  nitric  acid|  and  crystallis* 
ing  or  evaporating  the  solutioii  to  drynees. 

Properties. — A  colorless  crystalline  salt,  nnacted  upon  by  light  if 
perfectly  pure»  but  blackened  in  the  presence  of  a  trace  of  organic 
mtter.  It  is  soluble  in  water  (1  in  1  at  60"*  F. ;  2  in  1  at 
212^  F.),  and  also  in  boiling  alcohol  (1  in  4),  but  is  insoluble  in 
ttitric  acid.  It  fuseg  at  426"^  F.  (219"^  C»)i  and,  when  cast  into  sticks, 
foim»  what  is  called  **  lunar  caustic.'*  At  a  higher  temperature  it 
decomposes. 

It  ia  used  in  surgery  as  an  escharotic.     This  action  depends  on  the 
^tdiness  with  which  it  parts  with  its  oxygen,  the  oxygen  combining  , 
*ith  the  organic  matter  and  the  silver  being  precipitated.     It  is  used  j 
^  photography,  also  in  hair-dyes,  and  for  marking  inks.    In  the  case  < 
'^f  niarking  inks,  either  the  fabric  is  first  mordanted  with  aodio  carbon- 
ftte^  and  then  written  upon  with  an  argentic  nitrate  solution,  whereby 
iOirgentic  carbonate  is  precipitated — ^a  salt  eaaily  blackened  ;  or  else 
^  Cabric  is  written  upon  without  preparation  with  a  solution  of 
•^g^tic  nitrate,  containing  an   excess  of  ammonia,  which   combines 
^uJi  the  nitric  acid  of  the  silver-salt. 


MEECtJEY.    Quicksaver  (Hg=200), 

^^mic  and  molecttlar  weight,  200.  Molecular  and  atomic  volume,  03  • 
Specific  gravity  at  60°  F,  (15*6^  C.)  13*56  ;  of  vapor,  6'97°,  Fuses 
at  37-9'='  F,  (38-8°  C).  Btjils  at  els'"  F.  (35*7°  0.).  Atomicity,  dyad 
in  mercuric  eompottnds  (HgCJ^)  ;  aho  a  pBeudo-mouad,  as  in  mercu^ 
rous  compounds  (Hg^Cl|). 

Hifitory**"  Known  to  the  ancients. 

Natural  History, — It  occurs  native,  but  is  found  chiefly  as  a  ml- 
Hw/tf,  **Cinniibar  "  (HgS).     It  is  also  found  b.b  &  chloride  (HgaClg), 
)d  as  an  iodide. 

Extraction. — i^)  Process  at  Aimaden,      The  ore  (HgS)  is  roasted, 
^tid  the  mercury  condensed  as  it  distils  over.     The  salphurous  acid  is 
L^Mjowed  to  escape. 

^^t  (2.)  Process  in  the  Palatinate* — The  ore  (Hg8)  is  distilled  with  lime. 
^P*lie  mercury  passes  over  and  is  collected,  whilst  the  sulphur  remuina 
^^^  the  retort  as  calcic  sulphide  and  sulphate  (4Hg3+40aO-=30a8+ 
^^-^SO^-fiHg^).  (Scraps  of  iron  may  be  used  instead  of  lime,  when 
^^^iTuus  sulphide  remains  in  the  retort) 
^V      Impuriite^. — Cliiefly  tin  and  lead. 

Properties. — («•)  Physical.    Mercury  is  a  silvery  -  wTaite,  lu&ttCiMB, 
*^md  metal    It;  is  the  only  liquid  metal  known.    It  becomes  %o\\^  %>V 
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—  37-9^  F.  f—  38*8°  C),  contracting  greatly  as  it  8oBcUfi€>»*  Tl»e  foVil 
mercury  has  a  specific  gravity  of  1 4*0.  It  crystaJli:ee»  in  ocla^iedrSt 
and  is  very  malleable.  Above  41'^'  F.  (5°  C.)  mercury  ia  eligbtiy  roW 
tile.  The  vapor  (Sp.  Gr,,  6-97)  is  transparent,  and  neither  condiicU 
heat  nor  electricity.     At  675^  F.  (357'"  C.)  the  metal  boils. 

[Note. — The  vapor  density  of  mercury  compared  to  air  is  6*7,  «nd 
to  hydrogen  100; — ^that  is,  its  vapor  density  is  one-half  its  atomic 
weight ;  hence  the  mercury  atom  (like  the  cadmium  atom)  oocuptea 
a  gas,  twice  the  volume  occupied  by  the  hydrogen  atom,] 

Qi,)  ChemicaL  It  is  not  tarnished  (if  pure)  either  by  air  or  water 
at  ordinary  temperatures,  although  it  appears  that,  when  reduced 
a  minute  state  of  subdivision,  as,  e,^.,  by  trituration  with  various  su" 
stances  chemically  inert  upon  it,  as  in  the  preparation  of  the  Hyd, 
cret*,  and  piL  hydrcurgyri,  etc.,  of  the  Pharmacopoaia,  it  undergoes 
partial  oxidation  (Hg.>0)i  to  which  the  active  properties  of  these  m^ 
dioines  are  probably  due.  It  rapidly  absorbs  oxygen  when  heated  to 
800^  F.  (426^  C),  becoming  the  red  oxide  of  mercury  (HgO),  At  i 
dull  red  heat  this  oxide  is  decomposed  into  mercury  and  oxygc*n.  It 
combines  at  common  temperatures  with  sulphur,  with  the  haloid^^ 
and  also  with  many  of  the  metals,  forming  with  them  defiults 
oompounda.  Iron  and  platinum  are  the  only  metals  not  corroded  by 
mercury. 

Neither  hot  nor  cold  hydrochloric  acid,  nor  cold  sulphuric  acid  h\ 
any  action  upon  it.     With  hot  sulplmrio  acid,  mercury  forme  a 
phate,    SOg  being   evolved.     With  strong    nitric   acid,  a  merci 
nitrate  is  formed,  nitric  oxide  being  evolved,  whilst  by  the  actioti 
dilute  nitric  acid  a  mercurous  nitrate  results. 

Uses. — In  medicine,  as  blue  pill,  grey  powder,  etc*  Its  aotion  oft 
the  body  is  intense.  Workmen  exposed  to  the  action  of  mercujy 
vapor,  become  affected  with  mercurial  palsy.  It  is  also  used  am  aa 
amalgam  with  tin,  for  silvering  looking-glassea  Also  for  amal- 
gamating zinc  plates,  and  for  the  extraction  of  gold  and  triinrr 
from  their  ores,  depending  on  the  readiness  with  which  it  fomtJ 
an  amalgam  with  them. 


CoMPOTTJroS  OF  MkRCUHY  Ami  OxYGEIf. 

Mercurous  oxide  TT     O 

Mercuric  oxide  —  . 

(Ij  UercnrotlS  Oxide. — Suhoxide^  or  hiack,  or  fff*^^  oxide  c/mer 
(Hg^O),     [Moifcular  wtighi,  416.     Specific  gratih/,  10*68,] 

Preparation,  —  By    decomposing    calomel  with  potasslo    hydrao 
(Hg^Cl^+K,0=Hgc04-2KCl). 

ProptrtifJt. — A  powerful  base.     It  is  decomposed  by  the  sfigbtMil 
heat,  or  even  by  mere  exposure  to  light  (2HggO=2HgO-fHg^). 

The  efficacy  of  blue  pVW,  ^e^  \jo^^%t,  e^^.,  ts  believed  to  be  dmt  ^  1 
the  presence  of  this  oxVd«. 


USMCmLY. 
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Compounds  of  Mercury. 


SALTS. 


Formula 


Formula 
(Coufltitutional). 


S  so 


Is 

mo 


percent. 


cuTOua  oxide  (black 
I  oxide) 
tercoric    oxide     (red 

i  oxide)      

t«Tcuroiu       ehloride 

,     (talomtlj        ,_     ,. 

J  Mercuric  chloride  (oor- 

roAiTv  iubliiUMte)  . . 

[^Bromid^fl  AQttlugouf 

to  chlorides]* 
Hemir-ammoiiic  chlo- 
ride  (white     preci- 
I  piUte) 

IllwrTuroiii           iodide 
JrwtO 
ottqyi-iodide  of  mer- 
««iiy  (yellow) 
\  ^    jjt:rruric  iodide  (red) . . 
S-f  /Hercurous       aulphide 
S  )    (Elhio^'i  minerai) . . 
^  ( «ere'ir;c         sulphide 
«o  ^    ('enjiilion)    . .      .. 
J'frturoui  Bulphate  . . 
y^tunc  mlphrvte    . . 
iniflfrcuric      suphate 
^^rrurpeth  mineraJ) . . 
\       **ttuitmi  uiiriite    or 
^•tnlivdric  mercu- 
»om  djnitrate 
•wturk  niUftte 


Hg,0 
HgO 

HgCI, 

NH,Hg^'Cl 

HgS" 

Hgso, 

ng80,,2HgO 


(HgJ'W03.2H,0 
2Ug''2N03,H^U 


HgO 

'Hg^Cl, 

HgCl, 

NH,Hg''Cl 

Hgl, 

8Hgo', 


416 
216 
471 
271 


654 
454 

232 
296 


10*68 

11*29 

714 

6*42 


Eg==96.16 
Hg=92d9 
Hg=84*92 
Hg=73'80 


6*26 

8-2 

6-46 

8-319 


Hg==86*21 


'2*)  Mercuric  Oxida, — Nitric  oxide,  or  Hed  oxide  of  mercurt/ ;  Med 
J^^^iffftaU  (HgO).     [Mtjlrt^lar  weight,  216.     Specific  gravity,  11'29.] 

^<?Hirafton,— (1.)  By  beating  mercurj  to  800^  F,  (426^00  in  air. 

(2.)  By  gently  calcining  mercuric  nitrate.  Hence  tlie  name  ^litfic- 
^^^^fmtrcurif,     (These  two  varieties  are  red  and  crjstalliDe.) 

t3)  By  mixing  together  eolutions  of  aodic  hydrate,  and  either  mer- 
tttnc  chloride  or  mercuric  nitrate.  (Thie  variety  is  amorphoiis,  and 
*>'«  yellow  colour,) 

^nffrties. — fa.)  Physical.  The  oxide  is  'black  when  Lot,  aod  either 

^  aad  crystalline,  or  yellow  and  amorphous  when  cold.     TLe  yellow 

^Afiety  has  the  most  marked  chemical  afEeities,    The  oxide  is  decom- 

fmi  at  a  dull  red  heat  (HgO^^Hg-fOj.    It  is  slightly  soluble  iu 

miter,  the  solution  having  an  alkaline  reaction  and  a  metallic  taste. 

(/J.)  Chemical.  The  red  and  yellow  formfl  appear  to  \ie  alLoUo^v^ 
QOdificationB  of  the  same  salt : — 


fiANDBOOS   OF  SCODBRlf  CHEMISTEr, 
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(1.)  The  yellow  variety  is  conrerted,  by  a  cold  eoltitimi  of  oxkHc 
acid,  into  an  oxalate*     It  is  rapidly  changed  into  an  oxychlor 
boiled  with  a  solution  of  mercuric  chloride,  and,  when  boi    _ 
potasBic  bichromate^  yields  a  basic  mercuric  chromate  (HgOrO4,2Hg0)* 

(2.)  The  rtd  variety,  is  not  acted  npon  by  oxalic  acid.  It  ia  ri  n 
elowly  acted  upon  by  a  mercuric  chloride  solution,  and  when  b»..  i 
with  potaaaic  bichromate,  forme  the  compound  HgCrO^^SHgO, 

It  ie  soluble  in  fused  potaseic  or  sodic  hydrate^  from,  which  aolntioii 
a  crystalline  body  may  be  obtained  (K^O.HgO). 

By  the  action  of  ammonia  upon  mercuric  oxide,  the  ammontaUd  oxidt 
of  m^rcur^  is  formed  (4HgO,2NH5,2H20=Hg5;H5N03).  Thia  com- 
pound is  a  yellowish  substance,  easily  decomposed  by  friction^  or  evQdi 
by  exposure  to  light.  Chemically,  it  possesses  strong  basic  properties. 
When  dried  **  in  vacuo  '*  over  sulphuric  acid,  it  loses  2IIgOj  and  ^Qroii 
the  compound  4HgO,2NH3.     When  this  body  is  heated  to  2W  F. 

(126  r  CO,  it  becomes  mercuramne  (Hg^N^H^,  or  ^^*^«  \  0«,HfiO.  <» 

Hg     V  NjiSHgO),  a  dark  brown  substance,  insoluble  in  water  or  ifl 

Hg"J 

alcohol.  It  acts  as  a  powerful  base.  It  will  be  seen  by  the  formulu 
given,  that  difierent  views  are  entertained  as  to  its  constitution, 
Most  chemists  regard  it  as  a  compound  of  mercuric  oxide  and  twQ 
ammonia  molecules»  where  two  atoms  of  hydrogen  have  been  di^ 
placed  by  one  of  dyad  mercury. 

By  passing  ammonia  gas  over  the  yellow  oxide,  and  then  cautioti 
heaticg  the  residue  to  2*30°  F.  (126*1°  C),  a  brown  explosive  mtrkk\ 
mtrvxiry  (N^Hg^^)  ia  formed.     By  the  actio o  of  acids  this  body  yieh 
salts  of  mercury  and  ammonium.     It   may  be  regarded  as  a  doub 
ammonia  molecule,  where   six  atoms  of  hydrogen  are  displaced 
three  atoms  of  divalent  mercury. 

Compounds  of  Mebcuey  Ajn>  Chloedite. 
Mercuroua  chloride      ...         ,.,         ...         Hg^Cl^. 
Mercurio  chloride         ...         ,,.         ...         HgG^. 

Mercur-ammonic  chloride       NHgHg^CL 

(3*)  Mercurous  Chloride,— ^«*fA^<wiWtf  or  Prouwhtgnde  (ft 

Calomel  (Hg^Cl^). 

[MohciUar  weight,  471.     Specific  SF^apity,  iolid,  7*14  ;  of  vapory  R 

Mdecular  volume^  ammalom^ 


I 


Belatke  weighty  119*2.] 


Preparation, — f  1.)  By  precipitating  a  solution  of  m^ercuroiia 
with  hydrochloric  acid,  or  with  sodic  chloride. 

(2.)  By  subliming  a  mixture  of  corrosive  anblimate  (17  parts)  iaoj 

mercury  (13  parts)  (HgCV-V^g=^^iCV>^ 

(3.)  By  well  tritatating  iog^aXk^x  meggvm<^  w^i>>\\vft>\ft  ^^  'yM^V^pg^J 
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1    cury  (4  porta),  sodic  chloride  (3  parts),  and  subsequently  subliming 
i\    themixtttre  (HgSO^-f  HgH-2NaCl=HgoCl2+Na2804). 
|H     (4.)  By  passing  sulphurous  anhydride  through  a  saturated  solu- 
^Btion  of  crystalline    mercuric    chloride,  heated   to   122^^  F.    (50*^  C*) 
H  (2Hffa^j+ 2H4O  +  S0s=Hg^Cl5  +  2H01  +  BoSOO^ 
^H     Impurity, — Corrosive  sublimate  may  be  pre  sent,  derived  partly  from 
^H  the  sublimation  of  undecomposed  mercuric  chloride,  and  partly  from 
^H  the  decomposition  of  the  calomel  into  mercury  and  merL^uric  chloride 
^H  (dissociation).     Its  presence  may  be  detected  by  heating  a  litrle  of 
^H  ths  calomel  moistened  with  alcohol  on  a  clean  knife-blade,  when  a 
^H  Dack  spot  will  be  formed  If  corrosive  sublimate  be  present.     The 
^H  c«lomel  may  be  purified  by  thorough  washing  with  water, 
^H     Properties. — (a.)    PhymcaL     A   white,    heavy,    tasteless,    insoluble 
^H  ecnnpound.     It  may  exist  both  in  an  amorphous  and  crystalline  (four- 
^H  »ided  prisms)  condition.     It  sublimes  before  fusing* 
^H     Tlis  expertmentftl  vapor  density  of  calomel  (hydrogen  being  1)  is 
^H  HH.     If  we  allow  Hg^^lj  to  be  the  molecule  of  calomel,  occupying 
^H  ^  voU.  as  a  gas,  ita  theoretical  density  is  nearly  double  its  experimental 

H  4«J%  (t.e,,  ^0<JC^%H7I  200^235-5).   If  we  regard  the  molecule 

^H  *<>  be  HgCl^  then  the  actual  and  observed  denBities  almost  correspond, 
^H  Wby  then  do  we  not  adopt  HgOl  as  the  formula  for  calomel  ?  For 
^H  ^Oreaaons  : — (L)  Because  it  interferes  with  the  theory  that  a  dyad 
^H  ^diaeiit  (like  Hg'')  can  unite  with  an  uneven  number  of  monad 
^H  ^emeiita  (like  QV)  {set  page  39) ;  and  (2.)  That  when  mercuroue 
^H  •ilia  are  decomposed,  they  invariably  form  mercuric  salts^  free  mer- 
^H  ^'iJy  being  produced,  thus  favoring  the  notion  that  the  molecule  of  the 
^H  ^^rcurous  salt  contains  2  atoms  of  mercury  rather  than  1  atom. 
^H  ^  toe  then  erpUtin  this  anomalous  vapor  density  of  calmnel  f  It  is  be-  J 
^■*ieTsd  that  at  high  temperatures  the  salt  undergoes  dissociation  {b€€  ' 
T  P^e»  13  and  47)^  the  2  volumes  of  mercurous  chloride  splitting  up 
A  *^lo  2  volumes  of  mercuric  chloride  and  2  volumes  of  mercury, 
f  ***«ldng  in  all  4  volumes  instead  of  2  volumes.  The  vapor  density  of 
I     ''^ercurous  bromide  is  also  similarly  anomalous. 

(fi,)  ChemicaL     Solutions  of  sodic  and  potassic  hydrates  or  lime- 

^ater  decompose  it,  forming  mercurous  oxide  (Hg^O),  or  black 
'  ^^de  of  mercury  (Hg^Cla  +  CaO^HgjO+CaCl)  (a  mixture  known 
^^^  '*  black  wash***)  With  ammonia  it  forms  the  black  compound 
^pgjH^NCl;  (HgjCls  +  2H3N=Hg5H«NCl+H4NCl).  Sulphuric  acid 
^p%8  no  action  upon  it.  Boiling  nitric  acid  dissolves  it,  forming  mer- 
H^Uric  nitrate  and  chloride.     Boiling  hydrochloric  acid,  and  solutions 

^t  sodic  or  ammonic  ehloridee  also  diasolv©  it,  forming  mercuric  chlo- 
^^de,  and  precipitating  the  metal. 

^V    (4.)  Mercuric  Chloride ;  Chloride^  Bichloride  or  Perchloride  of  mer- 
^piry ;  Cmrrotive  Sublimate  (HgClj,). 
^^  Moiteular  weipht,  27 L    Heiativc  weighty  135*5»     iS|)«ci/ie  Gravity  0/ 


4U 


HANDBOOK   OF  UOVMBM  CffBMlflT&T. 


Prtparathn,  (1.)  By  heating  togellier  merroij*  and  chlorine. 

(2.)  By  aublinuDga  mixture  of  mercuric  sulphate  and 
(Hg804H-2NftCl=Na58C\-|-  HgCl^). 

Properti€s, — (a.)  PhymcaL  A  white  heavy  ciystallind  (octahedral] 
mibstanee^  harmg  an  acrid  metallic  taste.  It  eubUmea  at  a  low 
perature,  fuses  at  609^  F,  (265°  0.),  and  boils  at  SaS"^  F.  (295^  C*l 
the  vapours  evolved  being  condensible  and  very  poisonous*  It 
freely  soluble  in  water  (I  in  16  at  G0°  F.»  1  in  3  at  212°  F*) ;  in  alcohof 
(1  in  3  at  60"^  F.,  1  in  I  at  212""  F.) ;  in  ether  (1  in  3) ;  and  in  solutions 
of  the  alkaline  chloridea  Ether  dissolves  it  from  its  aqueous  iolu* 
tion.     It  is  intensely  poisonous.     It  is  a  powerful  antiseptic. 

(j^.)  Cherniral.  The  aqueous  solution  ia  acid  to  litmus,  and  is  decom* 
posed  by  light  with  the  precipitation  of  calomel.  Alkalies  Jeoompcise 
it.  With  ammonic  chloride  it  forms  a  double  salt  called  '*  aat 
alembroth"  (HgClo,GNH^Cl,H«0). 

Uercnric  Oxy-chlorides. — These  are  formed  by  the  combination  of 
mercuric  chloride  with  mercuric  oxide.  Three  of  them  (and  indeed 
more)  have  been  described,  all  being  formed  by  the  action  of  potame 
carbonate  on  mercuric  chloride,  viz, : — 

(1.)  2HgO.HgCl,.      (2.)  3HgO,HgCl,.      (3.)  4HgO,Hg€V 

No.  1  (2HgO,HgCl^)  is  formed  by  adding  a  cold  saturated  dolutioii 
of  potassic  hydrie  carbonate  to  eight  or  ten  times  its  bulk  of  a  aM 
saturated  solution  of  mercuric  chloride  (red  oxycliloride). 

No.  2  (SHgO,HgClj,)  is  formed  by  mixing  together  equal  voliim^ 
of  the  solutions  (yellow  oxychloride). 

No.  3  (4HgO,HgCl2)  is  formed  by  adding  a  mercuric  chlonae  suia* 
tion  to  a  large  excess  of  a  hydrio  potaasic  carbonate  solutioni 

W©  may  here  remark  that  if  a  mercuric  chloride  solution  be  add< 
to  normal  sodic  or  potassic  carbonatOi  a  i/ellow  mercuric  oxide  is  pi 
cipitated ;  but  that  if  it  be  added  to  hydrie  sodic  or  hydrie  p 
earbonate  (bicarboDate)^  a  r^d  oxyrhloride  is  formed. 

(5-)  Herciir*aminoiiic    Chloride,    miiu  precipitate,    (Mercm\ 
precipitatuft  aihus)  (NHcHg^'Cl). 

Preparation. ^By  adding  a  solution  of  corrosive  sublim^itH  to 
cess  of  a  solution  of  ammonia  (HgCl2  4-2H3N=NII^Hg''01  + 

Cimititution. — The  importance  of  this  compound  doponds  un  the  ft 
of  its  having  been  the  first  recorded  case  where  the  mobility  of  hyt 
gen  was  recognised.   White  precipitate  (that  is  the  precipitate  fomn 
where  the  ammonia  is  in  exrais)  is  regarded  as  ammonic  cblori<le  wl 
the  dyad  Ilg'  has  replaced  two  atoms  of  the  monad  hydrogen.  Th 
'NR^pl—ammomc  Moride,  and  NHjHg'CTl^u.'^iYe  prteipiiat€* 

If  the  mercuric  Monde  he  in  excess,  the  body  N£H4Hg^01|5  is  f< 
This  compound  is  regarded  as  a  double  molecule  of  ammonic  chli 
in  which  4  of  the  monad  group  (HgOl)    has  replaced  4  Ptosis 
hjdTogva,     Thus — 
N^HsGl.^  =  2  of  ammonic  chloride ;  'S^^^tf^N  fX-^^U  ^miifit^l 
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w  proper  tin, — ^When  white  precipitate  t6  boiled  witb  water  a  yellow 

kwder  ift  produced  (Hg^N^Cl^.^H^O).     Thus—  J 

[4Hg:'H,NCl     +    2HgO  =  Hg,NoCI„2H^0  -f-         2H^Na.  I 

iVrbite  precipiUta    -f     Water    ^    Yellow  precipiUto     -{-     Atnmotiio  chloride.  I 

[Boiled  with  potaseie  hydrate,  white  precipitate  forma  NH3  and 

feO.     Thusr— 

r  Hg' HjNCl     -h     KHO    =      NH3      +      HgO     +  KQ.            I 

'White  precipitate    +    Potatsio    ^    Ammimia    H~     Morcurio     -f*  Potosaic            I 

^                                         hjdjiite                                         ojiide  chloride.           I 

Heated  to  608^  F.  (320°  C.)  a  red  crystalliiie   powder  ia  formed 
IgCl,,Hg5N,).    Thus— 

6Hg''H^Cl       ^        3NH,        +  H,N,HgCl,  +  2HgClj,HgfN«. 
dte  precipitate        =s        Ammonia        +  +         l^^d  powder.  1 

[Boiled  with  a  solution  of  ammomc  chloride  ** fusible  white  pre* 
dtate  ''  is  formed  (Hg^HfiN^CI^).     Thus— 

Hg'^HsNCl      +  NH^a         ^  Hg^HfiNjCl^.  i 

White  precipitate    +     Ammonic  chloride    =    Fttaihle  white  preoipitato,  1 

lite  precipitate  is  used  as  a  poison  for  destroying  yermin,  1 

CoMPOnPTOS  OP  Mercitrt  and  loDimE.  I 

Mercurous  iodide     Hggl^.  I 

Sesqui-iodide  of  mercury    ...         ( Hgl  jHgla)  ssHggl^ .  I 

Mercuric  iodide        ...         ..«         Hgl^;,  I 

I  (6.)  Mercurous  Iodide  {Hgjg)-  \ 

^reparation. — By  triturating  5  parts  of  iodine  with  8  parts  of  mer- 
ff  the  mixture  being  moistened  with  a  little  alcohol. 
^mperties, — A  green  insoluble  powder,  decomposed  both  by  light 
heat  into  menmric  iodide  and  metallic  mercury.  j 

1(8.)  Mercuric  Iodide.— Binwdids  of  mercury  (IIgI^)»  \ 

I  ^Moie*.mlar  weighty  454.    Melative  weighty  227,    Specific  gravity  of  soUd^ 
1-5;  of  vapor,  15708.] 

fPrtparatiQu. — (1.)  By  triturating  together  5  parts  of  iodine  and 
of  mercury,  and  subliming  the  mixture. 

(2*)  By  precipitating  a  solution  of  mercuric  chloride  with  on©  of 
:>t«ssic  iodide,  I 

I  [The  mercuric  iodide  is  suluble  in  excess  of  either  salt.]  ^ 

opertte^, — (a.)  Physical,  Mercuric  iodide  is  dimorphous.  If  the 
petals  be  octahedral,  the  color  of  the  salt  is  red ;  if  they  be  rhom- 
^dal,  it  is  yellow.  It  is  soluble  in  hot  alcohol^  but  is  insoluble  in 
sr*  It  fuses  at  392"^  F.  (200""  C).  The  vapor  has  a  remarkably 
fh  np^dfic  graTity  ( 15*708). 

[()3.)  CheinicaL  It  is  soluble   in  the  alkaline  chlorides,  in  neutral 
^monic  salts,  and  in  hydrochloric  and  hydriodic  acids.    WiVlaXK^ 
or©  basio»  or  electro-positire  Boluhle  metallic  iodides,  il  ioniva  ^o\^\% 
Thus  potasfiic-mercurlc  iodide  (2(KI,Hgl2),3H^O)  cT5%XaVC\i*^% 
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on  cooling  ^m  a  Kot  Bolution  of  mercuric  iodide  tn  potass ic  iodide. 
fonna  double  salta  with  mercuric  oxidei  sulphide,  iLnd  chloride,  as  r.^. 
(Hgl2,HgCl,)  and  (HgyiHgCV). 

The  solution  of  mercuric  iodide  in  a  sointion  of  potassic  iodide  contain- 
ing potassic  hjdrate,  conBtitutes  the  **  Neealer  test"  forammontju 
solution  forms,  with  ammonia,  a  brown  precipitate  (ng'*^I,HjO). 

Reaction  of  the  Nesster  tejft  with  ammonia- — 

2flgIj-|-3KH0  +  NH^=ng"^I,H«0  +  aKl+2H«0. 

OOMTOUUDS  OF  MeECUBY  AND  SULPBUB* 

Mercurous  sulphide         ...  . , .  ,,.         Hg«i? • 

Mercuric  sulphide  ^?gS. 

(9)  Mercurous    Sulphide- ^  ^«''i^»^7>*'^^    V  nnrcurjf:    Ethm 

minrral  (HggtS). 

Preparation. — By  passing  sulphuretted  hydrogen  through  a  solutiQ 
of  mercurous  nitrate, 

Prx>per'ties, — A  black  substance,  easily  decomposed  by  heat  (Hg 
=  Hg-fng8), 

(10)  Merciuric  Sulphide- — Cinnabar  (that  is,  the  natiro 
Vertnilion  (that  is,  the  hnely-powdered  HgS)  (HgS). 

[^Molecular  weighty  232.   Relative  weight,  miomahu^f  77*3,  i,^,,  2  ro/ui 
of  mercury  vapor  +  1   volmne  of  sulphur  vapor  forms  (not  2  volumfs  , 
3   volumes  of  mercnnc  sulphide    vapor; 
de^isaiion.     Molecular  volume^  f~*  ;  ^| . 
5'6.] 


that  is^   they  uniU  witkont 
Sptcific  gravity  of  solid,  8*2 ;  I 
uapor^ 

Natural  History. — It  is  found  natire  both  in  crystals  (he 
and  in  masees.     It  coDfititutes  the  principal  ore  of  mercury. 

Preparation. — (1.)  By  adding  a  solution  of  mercuric  chloride,  eil 
to    a  solution    of    sulphuretted  hydrogen,   or  to  on©  of   a 
sulphide  (black  variety  of  HgS). 

(2.)  By  agitating  together  6  parts  of  mercury  and  1  of  aulp 
(black  variety  of  HgS). 

(3.)  The  red  form  of  sulphide  is  prepared  firom  the  black,  either  I 
subliming  the  black  variety  in  vessels  from  which  air  is  exel tided,  i 
by  the  prolonged  action  of  an  alkaline  sulphide  containing  aa  ei 
of  sulphur. 

(4.)  By  triturating  300  parts  of  mercury  with  114  of  sulphur,  i 
digesting  the  product  with  a  solution  of  potasaio  hydrate  at  120^1 
(48*9°  C.)  (red  variety  of  HgSO 

[N.B.^-On  passing  HgS  through  a  solution  of  a  mercuric  sail,! 
yfhite  precipitate  is  first  formed.     This  results  from  a  small  quaattd 
of  the  mercuric  sulphide  Erst  produced  forming  a  double  salt  with  1 
mercuric  salt  in  solution.] 

Properties. — (a.)  PhyiicaL   There  are  two  varieties  of  this  ho^jl 
m,p   black  and  red.    The  AAskcV  ^  ^:^ii^Qkit«d  into  the  red 
m'tbout  ohexnical  chauge. 
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The  red  salti  when  heated,  air  hein^  txduded^  eublimes   without 
aamg^i  the  sublimate  being    black  but  becoming  red   on   cooling ; 
rhilst^  whea  heated  in  the  presence  of  air,  the   aulphur  burns   off 
|bs  8O4),  and  the  metal  is  eet  free, 

(/3»)  ChemkaL — Mercurous  sulphide  is  unaffected  either  hj  acids 
fe^tcept  by  nitro-hydrochloric  acid),  or  by  alkalies  unless  ignited  in  con- 
act  with  them,  when  the  mercury  sublimes,  and  an  alkaline  sulphide 
ad  sulphate  are  formed — 

4Hg8-h8KHO=4Hg-fK5804  +  3K^84'4HaO. 

It  forms  compounds  with  metallic  sulphides,  and  also  with  other 
aercuric  salts.  It  is  a  very  permanent  body ;  hence  ita  yalue  aa  a 
iint, 

Oxy-Salts. 

(IL)  Mercurous  Sulphate  (HgsSO^)  is  a  white,  crystalline  powder, 
[»rmed  on  adding  dilute  sulphuric  acid  to  mercurous  nitrate,  or  by 
ntly  heating  together  mercury  and  sulphuric  acid. 
(12.)  Mercuric  Sulphate  (H^g^O^)  is  a  white  powder,  formed  by 
Biting   together   mere:ury   and  sulphuric   acid    at   high    temperatures 
Ig^  SttjSO^^HgSO,  +  80,  +  2H,0), 
Froperiier, — It  is  decomposed  by  pure  water,  the  insoluble  yellow 
sic  ealt»  trimercuric  sulphate^  or  turpeth  (turhith)  mineral  being  formed 
IgSO^/iHgO),  together  with  a  soluble  acid  sulphate, 
(14*)    Mercurous    Nitrate,    or    ProtomtraU   of  merruty; 

(Hg,)"2N03,2H,a 

Preparation, — By  digesting  mercury  in  an  excess  of  dilute  nitric 

cid*     If  the  mercury  be  in  excess,  a  basic  nitrate  is  formed^  having 

le  formula  (3(Hg2)''2N05,Hg"sO,HsO).     This  basic  nitrate  may  be 

known  from  the  neutral  salt  by  its  becoming  black  when  triturated 

a  mortar  with  sodic  chloride,  calomel  being  formed,  and  mercurous 

Kide  separated.     Thus — 

p,)      (ngJ"2NO„2H,0        -f    2XaCl   =      Hg.Cl,     +  2NaN0,  +     2H,0. 
Kormid  mercurout        -f-     Sodic    ^    Calomel     -|-     Sodic     -|-     Water, 
lutrate  chloride  nitnite 

!.)  ${HfJ"2N0,,Hg",0,H,0  +6Xtt€]=3Hg,Cl,4-6NaNO,+    Hg,0    +  H,a 
fiotic  nierctirous  -^  Sodio  ^  Culomel  +    ^dio    +Mercuroua-)-W«ttr* 

nitrate  cMoride  mtnite  ojtide 

(15.)  Mercuric  Nitrate  (2Hg''2NO„H,0). 

Prtparatton. — By  dissolving  mercuric  oadde  (or  metallic  mercury) 

an  excess  of  nitric  acid. 

A  yellow  basic  nitrate  (Hg2N03,2'Hg'0»Hg''0)  is  precipitated  by  the 
ction  of  water  upon  mercuric  nitrate,  from  which  salt,  by  the  con* 
inuous  action  of  hot  water,  all  the  nitric  acid  may  be  removed,  mer^ 
aric  oxide  only  remaining. 

RiaciiQm  o/Mtrcurif  c&mpoundi.-^Sei  AlTALYTlCAXilLlBiiEA,'^ 
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THALLIUM  (Tl=204). 

Atomic  weight,  204.     MoUcular  weight  ( prohabU),  408.     Sptcifi*  grav 
11-8  to  11*91.     Fusing  point,  56P  F.  (294'"'  C).     Atoimcitp,  monad 
as  in  thalhm  mitipounds  {')  (TICl ;  OTL),  and  triad  as   in   (kali 
com}}ounds  (**')  (Tl'Vl^), 

History, — Discovered  by  Crookes  (1861),  by  means  of  its  peculiar 

spectrum.  This  ^ectram  was  first  noticed  ia  a  deposit  taken  from  a 
flue  at  a  sulphuric  acid  manufactory,  where  thalliferoua  pyrites 
been  used   in   the  maDufocture  of  the  acid*     (Thallium   is  derit 
from  dciXAoci  "  green,**  so  named  from  its  pecnlar  spectrum* ) 

Natural  History. — It  occurs  sparingly,  but  widely  in  some  sp 
mens  of  Spanish  and  Belgian  pyrites,  also  in  certain  mlndral  wate 
and  in  some  specimens  of  mica  and  lepidolite. 

Extraction. — By  treating  the  deposit  contained  in  the  flues  ] 
sulphuric  acid  chambers  with  water,  and  precipitating  the  thallo 
chloride  from  the  clear  solution  with  hydrochloric  acid*  By  tlie  aeti 
of  sulphuric  acid,  the  thallous  chloride  may  be  converted  into  thallo 
sulphate^  from  which  solution  the  metal  may  be  precipitated  by  1 
action  of  metallic  zinc  or  of  the  galvanic  battery. 

Properties.— (a.)    Physical*     A  heavy   crystalline   body,    €^a 
ing,  when  freshly  cut,  a  brilliantly  metallic  surface.      It  is  soC 
than  lead,  leaving  a  bluish  line  when  rubbed  on  paper.  This  line  i 
be  known  from  a  lead  line,  by  its  turning  yellow  (oxidising)  ailer^ 
short  time*    The  metal  crackles  like  tin  when  bent.    It  is  diamagnstf 
Its  specific  gravity  varies  from    11*8   to    11*91.    Its   specific 
is  0-0325,     It  is  volatile  at  a  red  heat»  and  boils  below  a  white  he 
Its  spectrum  consista  of  one  intensely  green  line*     The  salts  of  1 
lium  are  active  poisons. 

ijl.)  Chemicah  Thallium  rapidly  tarnishes  in  air  at  common  temp 
ratures.  When  melted  it  rapidly  oxidises,  but  it  may  be  distilled  i 
a  current  of  hydrogen*  It  burns  in  oxygen,  emitting  a  green  ligb 
and  producing  thallic  oxide  (TLO^)*  It  combines  energetically  wij 
the  haloids,  and  also  with  sulphur  and  phosphorus*  The  actioD  i 
both  nitric  and  sulphuric  acids  upon  it  is  energetic,  whilst  iliai  I 
hydrochloric  acid  is  very  slight. 

In  chemical  position,  thallium  is  more  closely  allied  to  the  mc 
tomic  metal  silver,  than  to  the  alkaline  metuls.  With  the  alkali  mt 
it  agr^ei  in  its  atomicity,  as  well  as  in  the  solubiliQ*  and  allcalin^ 
tions  of  its  oxide  (TljO)  and  of  its  carbonate  (TJ^CO,)  ;  but  ft  di* 
in  that  the  metal  may  be  preserved  unaltered  in  water,  and 
precipitated  from  its  salts  by  zinc.  With  silver  it  agrees  in  the  spsrij 
BolnhHity  of  its   cMoride,  aiid  \tl  the  iuBolubility  of  its  sulpl 
"wbilat  it  must  also  l>e  temfemVietft^  IVi^X.  ^>iNfeT  <yi\^^^V\V% 
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ide   18  eligliUy  aoluble  in  water,    and  that  ita  aolution  is  alka- 


le. 


Compotmds  of  ThaUium, 


SALTS. 


FoTttiuli 
(Genemt). 


FormuU 
(Gonsti- 
tutionAl). 


1 1 .  ThallottS  oxide  . .      

1 2.  Thallic  oxide     ..     *.     

3,  Thttllotis  chloride     .. 

4.  Thallic  chloride        

I  d«   Seeqtiichloride  of  thallium      

[6.   Bichloride  of  thai liuiB     ^ 

I  7.  Broniidei  analogous  to  chloridei  , .     . . 

I  8.  Thalloas  iodide « .  *  * 

i  9.  Thiillic  iodide    . .      , .        .        .  . .      . . 

10.  Thalloufl  fiulphide    . .  ... 

11.  Thallic  iulphido       ..  .,      .. 
|5.  ThalJouB  carbonate  . . 

U.   ThallouB  mtrtite 

14.    Thnllous  Bu]phatG     . , 

Id.   Thallic  sulphate 

(  Ortbophosphatee  J 

1 6.   ThaTlouB  phosphates    }  [ 

i  PyrophoBpliatea   { 

^  Metapbosphale 


I 


T1,0 

T1,0, 

TlCl 
TlCl, 

=  TICV3*TIC1 

Tl,CI 
^TlCl.tlCl 

Tir 

TIL 

T1,S 

TL83 

TL(3o, 

two; 

TL,SO, 


OTl, 
TKJ 

0 

Tin 

TlCI 


Tr 


Hjirt), 

HTI,rn, 
TL?0, 


COTlo, 
NOJlo 


(1,  2.)— The  Oxides  of  Thallium —Both  naihus  0.dde  (TI.,0) 

\Thaihc  Oxide  (TloO^),  are  basic  oxides,  and  form  soluble  crjstalliiie 

The  thollouB  oxide  is  fovmod  whenever  a  freely -cut  surf  ace 

the  metal  is  exposed  to  the  air,  but  on  placing  the  tarnished  metal 

.  water  the  oxide  layer  is  instantly  removed.    The  aolution  is  alkaline, 

ad  rapidly  absorbs  carbonic  acid  from  the  air.    Whoa  electroiysedj  it 

ields  metallic  thallium. 

Thallic  oxide  (IXfi^)  is  a  dark  red  powder,  and  is  formed  when 
Gallium  18  burnt  in  oxygen.     It  may  be  prepared  aa  a  hydrate 
rr^nOM  or  TlgOj^HgO),  by  adding  potaasic  hydrate  to  a  aolution  of 
ihaUio  salt. 

A  mhoTide  of  thallittm  is  suppos&d  to  exist. 

(3*6.)  The  Chlorides  of  Thallium.— There  arc  four  thallium  ohlo- 

id89«     Thatlous  Moride  (TlCl)  is  formed  either  by  buriung  the  metal  in 

ilorine,  or  as  a  white  curdy  precipitate  on  adding^  a  soluble  chloride 

I  a  aolution  of  a  thallous  salt.     It  dissolves  (like  PbClg)  in  boiling 

^ater.    With  platinic  chloride  it  forms  the  double  salt  2TV<^\,^\KS.4» 

with  ferric  dbJorida,  iie  compound  dTlCl^Fe^Cl^* 
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(10.)  Sulphide  of  Thallimn  (Tl^jS)  is  formed  either  by  adding 
hydric  ammonio  sulphide  to  a  aolution  of  a  thallous  aalt,  or  hj  the 
action  of  eulpharetted  bydTogen  on  a  solution  of  the  oxalate,  acetate, 
carbonate,  nitrate  or  sulphate  of  thallium, 

(14.)  Thallous  Sulphate  combines  with  aluminic  sulphate  to  form 
an  octahedral  alum  (Al^'"Xl^(SO4)^,24He0> 

Reactions  of  the  Thallium  Compounds, 

L  Tbey  all  impart  a  green  color  to  flame,  and  produce  the  spect 
peculiar  to  the  metal  {vid&  supra). 

2.  The  metal  is  reduced  whenever  a  thallous  salt  is  ignited  witi 
a  mixture  of  charcoal  and  sodic  carbonate. 

3.  The  metal  is  precipitated  when  a  piece  of  zinc  ia  placed  in 
solution  of  a  thallous  salt. 

(A,)  Thallous  Salts. — I.  Soluble  chlorides   or  bromides;    a  whil< 
ppt.  of  thallous  chloride  (TlCl),  or  of  thallous  bromide  (TlBr). 

2.  Soluble  iodides ;  a  yellow  ppt.  of  thallous  iodide  (TU), 

3.  Potassk  ehromate  ;  a  yellow  ppt.  of  thallous  chromate. 

4.  Platimc  chloride ;  a  yellow  ppt  of  2TiOl,PtCl4, 
5»  Alkalijie  hj^drates   and    carbonates ;    no   ppt.  (see   Reaction  witl 

thai  lie  salts), 

6.  Ammomc  sulphide;  a  brownish -black  ppt.  (Tl^S),   insoluble 
excess. 

(B.)  Thallic  Salts,^ — L  Soluble  chloridis  or  bromides;  no  ppt. 

2.  Alkaline  hjdrates  and  carbonates  j  a  brown  gelatinous  ppt.  (T1H0|] 

3.  Oxalic  add ;  a  white  ppt. 


TUNGSTEN  (W  (WolfraBium)=184). 

Atomic  weighty  \%i.     Specific  gravity^    17^4.     Atomicitjj  tetrad  ^^\  as 
Tnngfitons  compounds  (WO^),   and  hexad  ('''),  as  in  Tungsiic 
pounda  ( WOj). 

Natural  Historyi^^It  oocurs  as  Scheelite  (CaWO^)  as  Wol 
{MuW04,3FeW04),  and  as  a  tungstate  of  lead  and  of  copper. 

Preparation. — By  reducing  tungstio  anhydride  (WO3)  with  cba 
~  at  a  white  heat. 

Properties,^ — ^A  white,  hard,  brittle,  infusible  metal.  Its  alio 
with  steel  is  intensely  hard,  and  permanently  magnetic  in  a  hig'^ 
degree.  When  finely  powdered  it  burns  in  air.  Tungetic  acid  i^^ 
formed  by  the  action  upon  the  metal  either  of  nitric  acid  or  of  aqu  ^ 
regia,  or  else  by  heating  it  with  nitre,  or  by  boiling  it  in  an  alkalin  ^ 
solution.     It  combines  with  chlorine  when  heated  with  it. 

Oxides  of  TungsteE, — Tungsten  forms  three  oxides^  WO^,  (whicE^ 
does  not  form  salts  with  aeids),  WO^,  and  W5O5  (or  WOjiWOj). 

TangstOUS  Oxide  C^^^V — ^^^*  la  prepared  by  heating  WOj  ii^ 
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1  of  hydrogen*    It  is  a  brown  powder,  and  bums  in  air^  form- 
es.   It  is  an  indifferent  oxide. 
fstic  Oxide, — Tungatic  anhydride  (WO3).     (Called  tungstic 

ircUion. — "Bj  igniting  the  residue  left  after  treating  calcic 

te  (Scheelite)  with  hydrochloric  acid. 

irttea.  —A  yellow  powder,  insoluble  in  water  and  in  most  acids, 

ible  in  alkalies.    When  a  hot  alkaline  solution  is  neutralized 

L  acid,  a  yellow  precipitate  of  tungstic  acid  (n2W04)  occurs, 

3n  a  cold  dilute  solution  is  similarly  treated,  a  tohite  precipi- 

hydrated  tungstic  acid  (R2'W04jR^0)  is  formed.     Tungstic 

Idens  litmus,  and  is  soluble  in  alkalies. 

rungstates. — Tungstic  acid,  it  will  be  seen,  exists  in  two 

itions : — 

Common  ttmgstic  acid  is  of  a  yellow  color,  and  insoluble  in 

This  variety  forms  both  normal  salts  (M2WO4)  and  acid  salts 
rWOj).    Tungstate  of  soda  (Na2W04)  is  employed  as  a  mor- 

dyeing,  and  is  also  used  for  the  purpose  of  rendering  muslin 
nmable. 

Metatungetic  add  is  a  white  body,  soluble  in  water.  The 
igstates  are  formed  by  the  action  of  hydrated  tungstic  acid 
iungstates. 

)xide  W8O5  is  of  a  blue  color,  and  is  formed  whenever  an  acid 
I  of  tungstic  acid  is  brought  into  contact  with  a  bar  of  tin  or 

•al  chlorides  are  known,  viz.,  WCl^,  WCI4,  WCI5,  WCl^. 

Beactions  of  the  Tungetates. 

dphuretted  hydrogen  and  ammonic  sulphide  ;  no  ppt. 

borax  bead  in  the  reducing  flame  with  compounds  of  tungsten 

s  yellow,  changing  to  red  as  it  cools. 

'>  to  acidulated  solutions  a  piece  of  zinc  be  added,  the  blue 

3  formed. 
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SUPPLEMENT  TO   THE   METALS. 


Atomic  weight, 
5^935. 


GALUUM  (Ga). 
^Omitted  from  page  347.] 
?     i^w^M  a^  86^27^  F,  (30-15°  C).      ^i^^;/?^ 


History.— I^iB^^overed  by  M.  L&coq de  Boisbaudrao  (1875).  Ti 
gallium  from  Oallia  (France). 

Occurrence. — It  occurs  asaociated  with  zinc  ie  the  einc  blenl 
Bensberg ;  also  iu  the  yellow  transparent  blende  of  Asturiaa,  ai 
the  brown  blende  of  Pierrefitte.     In  smaller  quantities  it  is  fou 
eadmies  from  Corphalie.     Zinc  dross,  and  the  Swedish  brown  blj 
contain  sensible  traces  of  gallium. 

Preparation.^ — By  the  electrolysis  of  a  solution  of  the  o 
potassic  hydrate. 

Properties. — By  the  above  process  gallium  may  be  obtained 
fused  state.  It  has  a  silvery  white  color.  It  eontinuea  in  this 
fused  state  for  several  days  when  allowed  to  remain  at  rest 
carefully  protected ;  but  if  any  part  of  its  surface  comes  into  ooB 
with  a  trace  of  solid  gallium,  a  spot  is  seen  to  form,  which  rapi' 
spreads.  On  crystallising  it  assumes  a  bluish  tint,  and  its  lull 
diminiaiios.  Gallium  may  be  liquefied  by  the  heat  of  the  hand,  1 
srilid  metal  may  be  cut  with  a  knife,  and  ia  both  flexible  and  malleal 
Heated  to  bright  redness  in  the  presence  of  air,  gallium  does  1 
volatilise,  and  merely  oxidises  superficially.  When  cold,  the  met 
only  to  be  rubbed  with  a  rod  to  restore  it  to  its  original  brightni 

GaUimil  Chloride  (Ga«C?l^)  is  a  deliquescent  substance,  very 
in  water. 

Gallium  Sulphate  is  a  non-deliquescent  substance,  and  also^ 
soluble  in  water. 

Galliuni  Alum  is  colorless  and  limpid. 

{Vide  "  Chemical  News,"  April  20,  1877,  ei  seq.] 


tEIDIUM. 


■  IBIBUFM  (It.)  ^^^H 
H                                       [Omitted  from  page  409,^  I 

Bd/omic  weight,   198,     Specijic   gmviUj,    2M5.     Atomidtg^  d^ad  (IiO) ; 

■  ittrod  (Jxd^jy  and  hexad ;  aUo  a  pseudo^triad,  i 

■  History. — Biscovered  bj  Smithson  Tennant, 

■  Derivation* — /'■»*«  the    rainbow,    from  the  varied    tinta    of    it« 
compounds, 

K    Katoral  History. — Found    native  in    platinnm  ores.      It  alao 

^bccnirs  as  an  alloy  with  osmitim. 

I     Preparation. — (lO     (**-)    Chlorine  ia  first  passed  over  a  heated 

■nixture  of  the  iriditim  alloy  and  eodic  chloride,  double  chlorides  of 

Bri«iiiim  and  sodium  (2NaCl^IiC!4),  and  of  osmium  and  sodium  being 

Kyrmed 

H     (/?»)  The  mass  ia  now  treated  with  boOing  water,    whereby  these 

^Bouble  chlorides  are  dissolved  away  from  the  insoluble  portion. 

H    (y,)  The  concentrated  solution  is  then   distilled  with  nitric  acid> 

Mrbich  decomposes  the  double  osm^ium  salt^  liberating  the  volatile 

HpftQiie  anhydride  (OsO^). 

■  (i.)  The  residual  solution  in  the  retort  (which  contains  the  iridium) 
Bb  then  treated  with  animonic'.  eMoride,  and  the  reBiilting  dark  red* 
Kbrown  precipitate  of  ammonic  iridic  chloride  (2Nn^Cl,IrCl4}  ignited. 
^Dji  this  way  iridium  is  obtained  in  a  spongy  form,  (Wohler.) 

H  (2,)  Fr^my  prepares  the  metal  from  the  potassic  iridic  chloride 
H(2KClfIrCl4),  formed  by  the  action  of  potassic  chloride  on  a  solution 
H^f  the  metal  in  aqua  regia  (IrCI^)^  by  igniting  it  in  a  current  of 
Biydrogen. 

H  Properties. — (n.)  PhtjaicaL  A  hard,  white  and  brittle  metal.  It 
^lyatallizes  in  cubes  and  also  in  six-sided  prisma  (dimorpkGus),  The 
^■ietal  may  be  obtained  in  a  finely  divided  state  as  a  black  powder, 
^paving  properties  similar  to  platinum  black,  by  precipitating  it  with 
^Ucohol  JTom  a  solution  of  the  sulphate.  It  fuses  when  heated  in  the 
Boltalo  arc  or  in  the  oxy hydrogen  jet. 

H   The  fused  metal  has  a  epeci£c  gravity  of  21*15.  I 

H  Xts  alloy  with  osmium  has  a  specific  gravity  of  22 '6. 
H  f^.)  CftemiraL — The  pure  metal  when  in  mass  is  unacted  upon 
H^tlieir  by  air,  by  heat,  or  by  any  acid.  On  the  contrary,  its  alloy 
^vith  platinum  Is  soluble  in  aqua  regia,  whUst  the  finely  divided 
■letal  when  heated  in  air  absorbs  oxygen,  forming  Ir^Oa*  a  black 
Kowder  used  for  imparting  an  intense  black  to  porcelain.  The 
[■iiely  powdered  metal  is  oxidized  (but  not  dissolved  as  in  the  case  of 
rhodium)  by  fusion  with  hydric  potassic  sulphate.  It  is  also  oxi- 
H|0^  by  fusion  with  sodic  nitrate  and  sodic  hydrate,  the  compound 
^Moltiiig  being  soluble  in  aqua  regia,  forming  a  deep  \)\acik  \\c^\\ 
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containing  the  donble  sodio  iridic  cUoride  (2NaGl,]TCl4)«  Iridii 
like  palladianii  combines  with  carbon  when  heated  in  the  flame  o 
spirit  lamp. 

Compounds  of  Iridiiim. 


Compounds. 

FormulE. 

Molecular 
Weight 

/  Iridious  oxide     ..        ..        ..        .. 

2f    \  Iridic  oxide        

rS    <  Iridic  dioxide 

^       Iridic  hydrate     ..         ••        •• 

^  Iridic  anhydride  •  •         

^  •     Iridiuus  chloride.. 

a  J     Iridic  chloride 

WC  I  Iridic  tetrachloride         

(The  iodides  similar  to  the  chlorides). 

^S  ( Indious  sulphide 

(g  'M  \  Iiidic  sulphide 

Ir"0 

Ir"cL 

Ir«-dl, 

Ir"8 
Ir-'A 

214 
444 

230 
266 
246 
269 
609 
840 

230 

492 

Reactions. 

(1.)     Sulphuretted     hydrogen    first     decolorizes     a     solution 
2NaCl,IrCl4,  precipitating  sulphur,  and  afterwards  precipitates  t 
brown  IrgSj. 

(2.)  Amnionic  sulphide^  reaction  as  above,  the  precipitated  Ir^ 
being  soluble  in  excess. 

(3.)  Sodic  or   potassic  hydrate^   a  brownish  black  precipitate,  t 
solution  turning  green,  and  when  heated  blue. 

(4.)  Potassic  chloride,  a  dark  brown  precipitate  (2K01,IrCl4). 


CHAPTER  XVIII. 
NOTES  FOR  PRACTICAL  ANALYSIS. 

L — ^IWTEODUCTORY. 


(1).  TKe  Bolution  being  a  liquid,  note  ita  reactioa  to  test  paper. 


Am  Mid  rMCtim  indtcaUtt 

A  hte  mdA, 
An  «eid  salt. 

A  nonzmi  aalt  haviiig  an  acid 
reaction. 


An  aikaiine  rMdion  mdi" 

A  free  alkali  or  (Llknline  earth 
A  »alt  with  an  alkiilino  re- 
action. 
An    olkalind    sulphide    or 
cjanide* 


Water. 

A  normal  (neutral)  salt. 


(2,)  Evaporate  a  portion  of  the  solution  to  dryness : — 
(cu)  If  It  leayea  no  residue^  it  may  be  simply  water. 
(/>.)  If  it  leaves  a  reeidue,  proceed  to  escamina  the  solid  constitu- 
eoit  aa  fallows : — 

EXAMINATION  OF  SUBSTANCES  BY  DRY  METHODS. 


A. — Hrat  thb  Dby  Solid  m  a  Glass  Tube. 


Ezsui.Ti. 
i.  No  action  .«, 


X  C3iaagB  ol  color   , . 


3w  SabtUnce  sablimea 


Subliioate  treated  \ 
with    Na,COJ 
and     charcoal 
jieLdB   J 


IjfDtCATlO^IS. 

AhMnce  ofoTganio  matter,  of  fusible  and  Tolatile  unbitance  .^  ^ 
of  hydrates,  and  of  isalts  oonUiining  water  of  crystalUaa- 
tion. 

Chairing  indicate*  orgaftio  nmtter.  If  acetates  ho  present, 
acetone  is  eTolved,  and  a  carbonate  romains  which  may 
htf  known  hj  ita  efferyeecing  on  the  addition  of  II CL 

If  the  body  be  yellow  when  hot,  and  white  when  cold^ZaO. 

If  it  he  brown  when  hot,  and  yellow  when  coldi^SnOj. 

If  it  be  reddiflh  brown  when  hot,  and  yellow  when  cold:^PbO 

If  it  be  orange  red  when  hot^  and  yellow  when  cold^Bi^O,. 

Yellow  drops  (sulphur,  aulphides  or  hypoflulphitea). 

Yellow  crystals  (Hgl^ ;  Aa^SJ. 

White  octahedral  crystkla  (AfljO J . 

White  crystalline  sublimate  (oxalic  acid). 

Black  anbUmate  (HgS  ;  or^  if  with  u  violet  vapor,  iodine). 

White  sublimate,  yielding  KH^  when  heated  with  pota&h 

ammonium  ftalt«). 
Melts,  and  yields  a  white  cn-Btalline  eublimate  {HgOy, 
Sublimes  without  melting  (^g^CIJ. 
(a.)  Metallic  globules,  and  a  metailio  mirror  (mercury  com* 

pounda). 
{/?.)  ^Qg\obnlB8j  hut  Ek  black  ihiny  mirror  ^M^m^ium  <iom- 
poandB). 


I 
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Results. 

4.  G&Bea  are  evolved 
haying  peculiar  odor 
or  other  cbaracterif- 
tici. 


IlfDTCATI01««. 

KH^;  (anuiioDium  GOiDpouiidaJ. 

Frankimceiise  odor  (bcFnEoic  aoid), 

IrritatiiEg  fumes  (succmio  &cid), 

White  ftimea  snd  crjst^llme  Bahlimfttd  (oxaHo  ftrid). 

E^S;   (sulphides,   sulphitea,    hTpoaoJphiteo)-      [Tests. — (a,) 

Smell.     {^.}  Lead  paper.] 
Ca,;  {sulphcKjyiinateB).     [Teat — Odor]. 
CJf ;  (cvanogen  compouniis).    [Teat. — (a.)  Od<xr*    (fi,)  Buma 

witb'a  red  flame.] 
CO,;  Cc*rboiiates),     [Test.— Whitens  lime  waterl. 
CO ;    (oxalates  and  Jbromtoa).    [Test. — Buma  with,  a  blna 

flame]. 
NjO^;  (nitrates  of  the  heavy  metals).     [Teata. — Color;  i«d» 

dish  hrown). 
80, ;    (sulphites  and   hypoanlphitea.)      [Testa. — (a.)    Odor. 

(^.)  Acid  reaction], 
0  ;  (peroxides ;  nitrates ;  chlorates).    [Tetta. ^Supports  oom* 

hustion]. 
01 ;   (chloridea  of  eertain  metnls  ;  chlorates ;  hypocblfnitet. 

[Tests.— (a.)  Odor.      (/3.)  Bkachda  indigo,     (y,)  Kl  mod 

at  arch]. 

Substance  wrrn  twe  Blowpipe   oir  a   tizcz  Of 


B.^ — Heat  the 

Chaecoal. 

Rmult. 

Decrepitates. 

DdQagrates. 

Fuaea  and  is  then  ah- 
eorhed  by  the  char- 
coal. 

(a.)  If  a  WHITE  EEsminE  remainB  after  beating  witli  the  blowpipi, 

moisten  it  with  a  drop  of  cob  alto  iifi  nitrate  and  again  heat. 

Re  SILT.  In  Die  ATI  ox  or  pasasKCB  of 


Indicattox  of  prbsence  of 
Kumertms  saltSf  auch  as  Na(!n,  etc. 
l^itrates,  chloratet. 
Alkaline  salts* 


Blue 
Pink 
Green 


MgO. 
ZnO. 


(p,)  If  a  coLOBED  KEsmuE  remains^  heat  a  small  portion  in  a  dear 
borax  bead. 


Ik  txxisn  (KEDucnro) 

FLAMB. 

Blue     * .  . . 

EM      . ,  . . 

Sherry  red  . . 

Colorleas  ..      ..      ..     AmethTst. 

Green  . .      . .      . .      Reddiah. 

Green  . ,      , .      , .      Green. 


In  orTER  (oxinifiso) 

FLA  MB. 

..     Blue. 
. .     Blue. 


In mc ATI  OK  OF  PiLBssircni 

OF. 

CoO. 
CuO. 
NiO. 
MnO, 

Fe,0,, 
Cr.O,. 

(y.)  If  a  METALLIC  EEHiDXjE  remains    when  heated   in   tho 
flame^  note  the  characteristics  of  the  bead  as  follows : — 

[It  may  he  necessary  in  this  casdi  in  ord^  to  effect  perfect  reduction,  to  heat  1 
metal  with  KCy.] 

(L)  A  metaUio  non-volatile  residue,  without  incrustation. 

Charactehs  of  nEAl*,  Indication  of  frbssncs  of- 

Brilliant  white ;  malleable  . ,         . .  . .         Ag. 

Yellow  . .         Au. 

Bed  scales  (kt  globules        , .         . .         . .        Cu. 
Magnetic  globulw '^ft^C-Q^^t 


FKAOnOAL  ANALYSIS. 


439 


(2.)  A  metallio  residae,  with  incrastatioiL    (This  incruBtation  is  due 
to  the  Tolatility  of  the  metal.) 


Chabactxrs  of  bbad. 
Ifalleable  and  maiks  paper 

Bright;  malleable 


Incrttbtation. 

Reddish  brown  when  hot,  yellow 

when  cold        

Yellow  when  hot;  white  when 

cold 

Brittle •  Dark  orange  when  hot ;  yellow 

when  cold       

Brittle •         . .    White  fames  and  white  incrus- 
tation (Sb,0  J 

The  metal  reduced  bat  instantly 

Tolatilized White  incrustation.   Garlic  odor 

Do.  do.  do.  Yellow  when  hot ;  white  when 

cold 

Do.  do.  do.  ReddiBh  brown 


Indication  of 

PBBSBNCB  of 

Pb. 
8n. 
Bi. 
8b. 


Zn. 
Cd. 


O. ^ECXAT  A  POBTIOK  OF  THE  EeSIDUE  MOISTENED   WITH  HOI  OK  A 

CSlbajt  FLATnruM  Wibe  in  the  Inneb  Blowpipe  Flame. 


Color  of  Flaxb. 

Indication  of  p&esbncb  of 

YeUow 

Na. 

Violet 

K. 

Green 

..        Ba. 

Crimson 

SrorLi. 

Bed 

..        Ca. 

Bluish  green.. 

..        Cu-B,0^ 
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IIT. — Examination  for  Acids, 
1,  Test  the  substance  as  to  its  nolubility  in  water, 
the  baae  be  known,  and  the  sub  stance  be  found  to  be  soluble, 
11  n  acidd  will  be  excluded,  because  the  compounds  are  known  trO 
be  insoluble.  Thus,  knowing  baryta  to  be  present,  and  finding  the 
salt  to  be  soluble,  we  know  it  cannot  be  sulphate  of  baryta,  because 
it  is  insoluble.  Or,  conversely,  knowing  the  base  to  b©  magnesia, 
finding  the  salt  to  be  insoluble,  wo  know  it  cannot  be  a  sulphate 
magnesia,  because  tbat  is  soluble, 
2.  ILmt  a  portion  of  the ^nelif -powdered  suhstancs  in  a  test  iubi* 


dred. 

Tetts. 

Source. 

DO, 

Supports  ooznbutlion. 

Odor.  Blues  lUrch  and  iodic  acid. 

Keddidh  brovrn  vapor. 

Renders  Ume-wQter  turbid. 

Blue  tlarue. 

Odor.   Bams  with  a  rose  £ame. 

04or;  goa  combuntible. 

Odor;  blAdusDA  lead  psper. 

Peroxides ;  nitrtitefi ;  okloratea ;  etc. 
Bulpbites;  hyposulp bites. 
DetonjfKjftition  of  the  nitrates  of  tbe 

henry  metaU. 
Carbonates. 
Qxalat*;*  and  formates. 
Cyanogen  eompoundB. 
Bulphocyanotos. 
Sulphides;   sulpbiies;  hyposulphites. 

3.  Heat  a  portion  with  two  or  three  times  its  hulk  of  siUphuric  acid. 


Eesulta. 


hloric 


Das . .      . . 
ffuIpbiimuB  (thio 
dphuric) 

ilpbaric  . . 
3^jdrofiuotic 


[Also,  under  certain 
.  conditions,  Nitric] 


Substance  efierrescea  immediately;  gas  evolved  whitens 

lime  water. 
Fumes  irritating.     Tbe  gas  eTohed  turns  white  when 

ammonia  is  brought  near  it. 
Vinegar  odor. 
Brimfltone  odor ;  blues  starch  and  iodic  acid.  ^ 

Brimstone  odor,  with  tbe  Btparation  of  sulphur. 
Rotten  egg  odor;  blackens  lead  paper. 
Irritating  odor;  coriodes  glass. 

Evolve  CO,  which  bums  with  a  lavender  flame. 

Evolves  0 ;  solutioTi  beeomes  brown. 

Evolves  a  greeni&h  yellow  explosive  gaa.     [Further  test — 

Precipitate  any  tbloride  present  in  a  solution  of  tbe  salt 

with  AgNOj;  evaporate  the  clear  filtrate  to  dryness; 

fuse  the  residue,  whereby  the  chlorate  is  ronvertt3d  into 

chloride*  and  precipitate  with  argentic  nitrate,] 
Evolves  the  yellowish -preen  chlorine* 
Evolves  violet  vapors,  which  turn  starch  paper  blue  ;  so- 

lufion  turns  dark  colored. 
Evolves  reddish  vapors,  which  turn  starch  paper  yellow  ; 

solution  turns  red. 
Beddiah-browti  fumes.     [Further  test  for  nitrous  acid — 

Mix  a  little  of  the  solution  with^Btarch  paste  and  Kt; 

add  to  the  solution  a  droj 

iodide  of»t^irch  ia  formed.] 


of  K^^SO^,  w^wi  \^fe  \j\^fs 


(Jfa  action  rmulta  with  the  following  acfda ;— Sulphuric,  phospbotic,  i^cVith 
^^Cf  uraenic,  iodic,  and  titanic. 
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4.  Test  Jor  Nitric  Acid. 

(a.)  Dissolve  a  small  portion  of  the  substance  in  water,  and  add 
H2SO4  to  set  free  the  nitric  acid.  Float  a  solution  of  FeS04  on  the 
surface  of  the  mixture.  A  brown  line  at  the  junction  of  the  liquids 
indicates  nitric  acid. 

(/3.)  Add  to  the  solution  a  little  sulphindigotic  acid  to  color  it,  and 
then  H2SO4  and  heat.  If  nitric  acid  be  present,  the  indigo  will  be 
bleached.  Chloric,  bromic,  iodic,  and  also  nitrous,  chlorous  and 
hypochlorous  acids,  produce  a  similar  reaction. 

5.  Systematic  Examination  for  Acids. 

Boil  a  considerable  quantity  of  the  substance  with  a  slight 
excess  of  sodic  carbonate.  This  removes  all  bases  (other  than  the 
alkalies),  as  carbonates,  basic  carbonates,  or  oxides,  the  presence  of 
which  would  interfere  with  many  reactions  {e.  g.^  BaCl^  would 
precipitate  Ag  or  Pb  as  well  as  H28O4,  etc.). 

Filter  off  the  precipitate,  and  boil  the  solution. 

(A.)  A  preliminary  examination  of  a  small  quantity,  neutralized 
with  nitric  acid,  and  divided  into  two  parts,  is  to  be  made  as  follows  :— 


A.— Add  BaCl,  or 
BaCNOJ,. 


B.— Add  AgNOj. 


Sulphuric  ;  white  ppt.,  insol. 

in  HNO;,. 
Boric  \ 

msphoric      (white  ppt.; 

Sulphurous       ^ 
Chromic  ;  yellow  ppt.,  sol.  in 
HNO,. 


Precipitates ;  sol.  in 


Sulphurous 

Boric 

Silicic 

Metaphosphoric 

Phosphoric;   yellow  ppt. 

Chromic ;  red  ppt. 


I  Whit€ 
i   ppts. 


Precipitates ;  insol.  in 
HNO,. 


Hydrochloric ;    white  ppt. 

(sol.  in  ammonia). 
Hydrobromic ;      yellowisli 

white  pp.    (slightly  sol. 

in  ammonia). 
Hydriodic ;  yeilow  ppt.  (in« 

sol.  in  ammonia). 
Hydrosulphuric;  black  ppt. 


Boil  the  solution. 

Hyp^orphurous      j    g-e  ".ek  ppt,.  of 
{al80  Fe^us  salte)  )        ^"'«<1  '^'«^- 


(B.)  The  remainder  of  the    solution  is   to   be    divided   into  four 
parts,  and  treated  as  in  the  following  table : — 
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SECTION  III.— 0RG.4NIC  Chemistry. 


CHAPTER  XIX. 

ie  Conapoundfl  and  Organined  Bodi^  —  Definitton  of  Orgtinic  ChemiBtiy  — 
O&oASric  Analysis  —  TTltimate  Aoalysia  —  Vupor  Density  —  Method  of 
detenDining  Vapor  Densitiea  —  Froxioiaie  Anal  jbIs. 

CisTmonoN  between  an  Oeojlnic  Compound  and  an 
Oroa^isei}  Body. 

"By  on  organic  compmind^  such,  ^,  */.,  as  sugar,  urea,  etc.,  we  mean  a 
ly  of  definite  chemical  coustitutioni  exhibiting  frequently,  if  solid, 
a  crystalline  structure,  and  paasessiDg,  if  liquid,  a  fixed  boiling  point. 
I  BCany  organic  compounda  have  been  formed  artificially. 
^m  By  Qn  organised  bodf/,  such,  e.g.f  as  tissue,  we  imply  a  solid  non- 
^Bprystalline  substance,  of  a  fibrous  or  cellular  nature  (Le,,  non -crystal - 
^^ioe),  eufiering  decomposition  when  heated,  so  that  it  can  neither  be 
liquefied  nor  vaporised  intact.  No  organised  bodies  have  been  formed 
artificially. 


p 


DEFnriTTONS  OF  Oboanio  Chemistry. 
(1,)  Organic  chemistry  was  originally  defined   as 


the  chemhtry 
of  compounds  produced  wider  the  vujiuence  of  a  vital  forces"  that  is^  of 
a  force  redding  only  in  the  bodies  of  living  plants  and  animals*  Those 
-^rlio  held  this  doctrine  of  a  vital  force,  divided  organic  bodies  into  two 
dasees: — 

(a*)  Direct  organic  bodies;  that  is^  bodies  like  sugar,  starch,  etc, 
actually  formed  in  the  living  plant  or  animal ;  and 

(y3.)  Indirect  organic  bodies;  that  is,  bodies  formed  from  direot 
organic  bodies,  by  chemical  or  physical  means.  Thus  oxalates  and 
formates  were  regarded  as  belonging  to  organic  chemistry,  because 
the  formates  were  prepared  from  the  oxalates,  and  the  oxalates  from 
starclu  Similarly,  olefiant  gas  and  alcohol  were  considered  organic, 
because  olefiant  gas  was  produced  from  alcohol,  and  alcohol  was 
formed  from  sugar.  Starch  and  sugar  being  direct  organic  bodies,  the 
products  derived  from  them  were  regarded  as  indirect  organic  bodies. 

Becent  researches,  however,  have  shown  that  some  organic  bodies 
may  be  prepared  artificially ;  we  mean  by  that,  without  the  medium 
of  any  organic  body.  Thus  cyanogen  may  be  obtained  from  sodic 
cyanide  (NaCN),  a  salt  which  may  be  prepared  by  passLug  mtto^«rci 
over  a  heated  mixture  of  carhoD  and  sodic  carbonate.      Jdco\Lo\  kj^a 


Berthelot  has  shown)  and  urea,  may  also  be  built  op  artliiiliiUf  frvon 
their  elements;  and  so  with  many  other  eu^  Uonco  *' M 

vital  force  *^  scarcely  servos  to  mark  the  divisi'  •  n  oraardc  anfl 

inorganio  ohomistry, 

2,  Organic  chemistry  was  defined  by  Lanrent  as  *'  t/*<?  m,  vcmj-  /J 
carbon  and  it«  compannds.*^  All  organic  substaneos  contain  cartjou*  dMi 
bined  sometimes  with  hydrogen  only,  as  in  benzene  (C^TI^^),  rrndsQniJ 
^imes  with  nitrogen  only,  as  in  cyanogen  (CN).  Sometimei  tiid 
^prbon  is  combined  with  hydrogen  and  o^tygen,  as  io  sugar^  dcdhdJ 
©tc»,  and  not  uniri^quontly  with  nitrogen  in  addition,  aja,  for  eian»iJd 
in  the  vegetable  alkalies.  Heating  a  substance  lu  a  test-tuhe,  to  ^o^ 
whether  it  charSi  is  our  usual  rough  test  for  no  organic  body,  Bud 
unlens  the  body  be  volatile  without  decomposing,  the  result  U  accurilAJ 
To  accept  this  definition,  however,  in  its  integrity,  would  luvolrtj 
our  placing  carbonic  oxide  (CO)  and  carbonic  anhydride  (C^^B 
amongst  organic  compounds.  To  meet  this  difficulty,  FmaU^^J 
defines  an  organic  body  as  *'  a  substance  where  on©  or  more  atom* 4 
the  carbon  of  a  molecule  are  directly  combined  with  carbon,  nitrtJg^ 
or  hydrogen."  Thus  he  excludes  carbonic  anhydride,  as  a  bvidy  in  vMI 
the  carbon  m  combined  directly  only  with  oxygen  (0^=  C  =0).  OF*fl 
acid  is  an  organic  compound,  because  the  carbon  is  directly  comb5®*| 
with  nitrogen  (N=C— 0 — II).  The  objection  to  this  hypothd^^l 
that  it  takes  for  granted  our  power  of  examining  the  interual  3W»*1 
and  molecular  structure  of  bodies,  whereas  at  present  sm  1»  a^J 
eight  is  nothing  more  than  mere  speculation*  ^| 

3*  Organic  chemistry  was  defined  by  Liebig  as  ''the  vhcna^^^ 
compound  radically  But  compound  radicals,  as  wo  have  4^^| 
seen,  are  not  unknown  in  mineral  chemistry*  Stiver  nitrate  Ag(P*| 
which  consists  of  silver  and  the  compound  radical  (NOv)f  bo^J 
close  resemblance  to  silver  acetate  Ag  (O.^H^O^)^  consisting  u!  ^^ 
and  the  compound  radical  (C-.n,Oy).  Both  salts  part  with  ^ 
compound  radicals  when  a  soluble  cliloride  is  preseutud  to  tb^.t^ 
form  AgCl,     Again  succinic  acid  J 

bears  a  close  resemblance  to  sulphuric  acid  ^^M 

s": }  o^=H.soo  ■ 

each  body  containing  a  compound  radicaL  ^^B 

But  although  the  existence  of  compound  radicals  can  soareeJ^^ 

regarded  as  peculiar  to  organic  chemistry,  nevertheless  their  p?09M 

is  a  very  striking  characteristic  of  it.  I 

By  a  compound  orgmiic  radical  we  mean   •*  a  group  of  atoms  C3j 

talningone  or  more  atoms  of  carbon  of  which  one  or  muro   bogAH 

tins'itisfied/^   (Frauklaud,^     As  in   inorganic  chemistry  we  h(t^^| 

mouta   of  difi'erent  atomic\\.\Q%,  «q  \u  oit^iOiAs^  «^\Ek\^irY    we   1m 
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Tadic»al8  of  different  atomicities*  For  example,  we  find  unwaJent  radi' 
c«/#»  sucli  a*  methyle  ( CH-j),  forming  methylic  cldoride  ( Cn.|)'Cl ;  rfi- 
liQimd  raiJicalSf  as  ethylene  (C^^),  forming  ethylic  chloride  (C^Hi)'^]^; 
trifaUnt  rodicaUt  as  glyceril©  (C5H5),  the  radical  of  glycerine 
(C^H5(H0)j),  etc.  Baaio  radicals  are  sometimes  found  combined 
f  witli  chlorous  radicals,  the  whole  body  being  in  such  case  made  up  of 
1  coinpoimd  radicals ;  as  f ,^,,  in  methylic  acetate  C5H30(OCH^). 

No  mono-,  tri-,  or  quinqui-valeiit  radical  can  exist  as  a  separate 
|:gwjiip»  any  more  than  a  monad  (as  hydrogen),  a  triad,  or  a  pentad 
Wement  (as  nitrogen)  can  exist  as  a  separate  atom. 

Having  seen  that  it  is  impossible  to  draw  any  exact  line  dividing     . 
|t»rganic  from  inorganic  chemistry,  we  may  here  note  one  or  two  speolal 
[duu-ftcteristics  of  organic  bodies: —  j 

1.  The  principal  elements  entering  into  the  oomposition  of  organio 
lies  are  few,  m.,  carbon,  hydrogen,  nitrogen,  and  oxygen  j  at  the 

I  mme  time  nearly,  if  not  every  elementi  found  in  the  mineral  kingdomi 
I M  also  to  be  found  in  the  organs  of  the  plants  or  of  the  animals  that 
[•erveto  elaborate  these  compounds. 

2.  Although  the  elementg  of  which  organic  bodies  are  formed,  are, 
[m  we  have  said,  few,  nevertheless  the  number  0/ atoms  constituting  a 

icttle  is  frequently  very  large.  No  organic  compound  is  known 
[Wutalning  only  two  atoms  in  a  molecule,  and  only  one,  viz.r  hydro- 
[•yftcic  acid  (HON),  containing  three.  In  sugar  45  atoms,  and  in  mar* 
Ijwio  217  atoms^  make  up  the  molecule  of  these  bodies  respectiYely. 

(3»)  Organic  bodies  are  remarkable  for  their  complicated  and  elabo- 
[ ttte  constitution.  This  depends  on  two  circumstances:  —  (a),  the 
'  ^aent  occurrence  of  compound  radicals  in  organic  bodies ;  and 
I  W),  the  chemical  characteristics  of  the  four  elementa  of  which  organic 
I  impounds  are  chiefly  composed, 

pecting  this  latter  pointy  m.,  the  chemical  values  of  the  four 
Btfl  of  whicii  organic  bodies  are  chiefly  composedp  it  is  to  be 
that  carbon  is  a  tetrad }  nitrogen,  a  triad;  oxygen  a  dj/ad,  and 
tgen,  a  monad, 
^6  t6travalent  atomicity  of  carbon  is  important.  It  is  regarded  aa 
Mly  mturated^*  when  it  is  combined  either  with  4  monads  (as  in  CH^), 
M^'witli  the  equivalent  of  4  monads^  such  as  2  dyads  {as  in  CO^)  ;  or 
*  ^ad  and  1  monad  (as  in  CNH),  etc)  It  is  regarded  as  **  not 
i'^aiid^^  in  compounds  that  contain  less  than  4  monads  or  their 
j*9tu>alent,  such  as  00.  Under  slight  physical  influences,  howeveri 
l^cha*  light,  the  non-saturated  compound  CO  \s-ill  combine  with  CL, 
j  f^anaing  phan^ene  ga*  (COCl^),  in  which  compound  the  carbon  is  fully 
[iatupated. 

^ut  a  carbon  atom  will  also  combine  with  a  carbon  atom.     fDupU- 
l<»Uou.)    Two  separate   carbon   atoms  possess  8  unsatisfied   bonds, 
■(four  to  each) ;  when  combined,  however  (forming  a  dicat\joiL  aloxo^^ 
WJT  have  only  6  unsatisiied  bondSf  because  it  will  h%  eeen  tVat.  on^ 

u  u 
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bond  horn  one  carbon  atom  combines  with  and  aatiefiea  one  bond  from 
tlie  sacond  carbon  atom,  tbus  satisfying  2  of  the  8  bonds.  Similarly, 
a  combination  of  3  carbon  atoms  (a  tricaibon  atom)  haa  oxdj  B  ansa- 

I 

tisfied    bonds    instead    of    12.      Thua  — O —  =  a    carbon    atom 


-U-= 


I 


a  dicarbon  atom 


J   I   I 

;  — C — C^ — C—  —  a 


I  III 


tricarbon  atom; 


ThuB  the  addition  of  every  carbon  atom  increases  the  non-saturated 
bonds  of  a  compound,  by  2,  It  will  be  seen,  therefore,  why  we  regard 
a  series  of  bodies,  that  increase  by  an  addition  of  CH^,  as  an  homo* 
logons  series ;  as,  for  ex  am  pi  e,  in  the  monatomie  methyl  series  : 


Methyl  (CH,)' 

Ethyl  (0,H,)^ 

Propyl  (C^H,)^ 

£tc. 


Metliyl-liydi-ide  (r'Hj)H 
Elhyl-hvdride  K^HJH 
Propyi'hydrye(C,li,jH 

£tG. 


Methyl-chloride  (CH:}C1 

Etbvf-ohlond©  (CjllW^ 

rropyl-chlodde  (CaHy)Cl 

Etc 


Mflthyl^oIcoholiTHj)/] 

EthTl-aJcohol  {i'UJ 

Propyl-alcohol  (C^J 

Etc. 


Ttfpes  fomithd  on  carbon  as  Uie  grouping  agent  in  non-nitrogenized  boduif 
and  m  mtrf}g€n  in  niirogenized  bodies,    (Frantland.) 

It  may  be  conveniently  noted  here  that  Prankland  regards  thwe 
carbon  groupings  to  which  we  have  referred,  as  constituting  a  serie* 
of  types  of  eon-nitrogenous  bodies,  nitrogen  forming  a  grouping 
element  for  nitrogenized  bodies.     Thua — 

(1.)  The  mngle  carbon  atom  i^pe  has  been  termed  the  monadelphk 
or  marsh  gas  type. 


H— C— H  =  CH^  Marsh  gas. 

H  1 

(2.)  The   dicarhon    atom   ttfpe  has  been  termed   the    diadeJphic 
methgt  t^p€, 

H    H 

H^i^C— H  =  j  ^»  MethyL 
H    H 


(3.)  The  tri carbon  atom  t^pe  has  been  termed  the  triadelphic 

H    H    H 

I      I      I  fCH, 

H— C— C— C— H  as  for  example  <  QB^=Q^^  Pix>pyl-hydHde 

I     I     !  IcH, 

H    H    H 

and  so  on. 

On  the  other  hand  nitrogenized  bodies  may  be  arranged  und 
one  of  either  of  the  follo^mg  iotma\ — 


OBQAmO  AHALTSn.  467 


(4.)  The  ammoHh  type;  represented  thus — 
H 


N      =N" 


'H.  Ammonia. 


(5.)  The  ammonie  ehloride  type  represented  tha»— 

01 

H— N— H  =N'H«Ol 


/\ 


Fnuiklaad  alto  desoribes-^ 

(6.)  The  daubU  monadelphic  type. 

H         H 

I  I 

H— P— 0— 0— H 

(7.)  The  eondeiued  diacMphic  or  define  type. 

H    H 

u 

4.  A  great  variety  of  property  naturally  occurs  as  the  result  of  the 
eomplioated  chemical  oonstitutioii  of  organic  bodies,  some  consti- 
tnt'^g  our  daily  food,  and  others  actively  poisonous  substances. 


OBaANlO  ANALYSIS. 

The  analysis  of  an  organic  body  is  of  two  kinds,  viz.,  proximate  and 
mtiimaU. 

(1.)  A  proximate  analysie  of  a  body  implies  ''  the  separation  and 
estimation  of  its  component  or  proximate  principles" — 

Thus:  determining  the  presence  and  relative  proportions  of  sugar, 
tat,  easeini  and  salts  in  milk,  constitutes  ** a  proximate  analysie^*  of 
milk. 

(2.)  An  ultimate  analysis  of  a  body  implies  "  the  separation  and  the 
•sttmation  of  the  constituent  or  ultimate  elements  " — 

ThuMi  determining  the  presence  and  the  relative  proportions  of 
irboiay  hydrogen,  nitrogen,  and  oxygen  in  the  casein  of  the  milk, 
onalitttteB  **  em  ultimate  analysis  "  of  casein. 

We  oonunence  our  studies  with  the  principles  of,  and  \2q^^  m^^^cA 
ef  eoaidiMliiigy  th^  xdtimate  analjrsia  of  organic  bodies. 
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■       ULTIMATE  ANALYSIS  OP  ORGANIC  BODIES. 

Tlie  prinnph  of  an  ultimate  analysis  of  a  body  containing  carlXMl 
hydrogen,  and  oxygen^  raay  be  stated  as  follows,  viz, : — To  burn  i 
known  weight  of  the  organic  body  in  oxygen,  and  to  collect  aft 
weigh  the  oxidised  products.  The  carhon  is  determined  as  COg^  ^ 
hf/drogen  aa  HoO^  and  the  oxtfgen  by  diHerence — that  is,  by  subtractinj 
the  combined  weight  of  the  hydrogen  and  carbon  from  the  toti 
weight  of  the  material  operated  upon* 

TA«  t'omUtuma  necessary  for  tk^  euccesi  af  the  experiment  are  as  m 
lows  :— {!.)  That  the  body  operated  upon  should  be  pure;  (2.)t)i 
it  should  be  <h^  ;  (3.)  that  it  should  be  perfectly  burnt  j  and  (4,)  thl{ 
the  products  should  be  accurately  weighed.  , 

The  hi  start/  qf  nUimate  anali/m. — The  first  attempts  at  orgaal 
analyaia  were  simply  destructive  di«tillation,  tl\Q  producU  of  suchdil 
tillation  being  regarded  by  the  older  cheinista  aa  the  elements  of  orgaaJ 
bodies.  Thus  grew  the  dictum  **  air,  oil,  water,  and  earth  (cap! 
mortuum)  are  the  elements  of  organic *bo dies/' 

Hales  and  Priestly  were  the  first  who  improved  this  process  I 
destructive  distillation  hy  collect! og  the  gaseous  products  evolti 
during  the  operation.  J 

In  1810,  Gay  LuBsac  and  Thenard  suggested  (In  principle)  tl^ 
process  of  analysis  which  is  now  adopted,  viz.,  burniug  the  body  8 
oxygen  and  collectiug  the  products.  Their  process  was  as  follows H 
A  glass  tube,  containing  a  weighed  quantity  of  the  organic  body  1 
be  examined  was  placed  in  an  upright  position  in  a  furnace.  WM 
the  tube  was  suffii  iently  heated,  oxygen  was  supplied  to  the  organi 
matter  by  droiiping  potassic  chlorate  into  the  tube.  The  pm 
evolved  were  collected  over  mercury  and  measured.  I 

The  objections  to  this  process  were  its  practical  diifieulties,  namsH 
(1.)  the  constant  cracking  of  the  tube,  (2.)  the  frequent  loss  occasioiw 
by  the  substance  being  blown  out  of  the  tube,  (3*)  the  ditftcultyl 
ensuring  the  complete  combustion  of  the  organic  matter  owing! 
the  immediate  and  rapid  generation  of  oxygen  from  the  potM 
chlorate,  and  (4.)  the  inaccuracies  resulting  from  measuring  the  pti 
duets.  I 

Berzelius  suggested  the  followiDg  improvements  in  the  process,  tM 
(1.)  placing  the  tube  in  a  horizontal  position;  and  (2.)  modifying  ti 
violent  action  of  the  potassic  eblorate  by  mixing  it  witk  common  sw 
Further  (3.),  he  weighed  th.Q  products,  using  for  this  purpose  a  chloriJ 
of  calcium  tube  to  collect  the  water,  and  fragments  of  caustic  potw 
contained  in  a  large  gless  bulb  to  collect  the  carbonic  anhydride,      i 

Gay  Lussac  and  Thenard,  Berard,  Berzelius,  and,  lastly,  Thompson 

suggested  the  use  of  cupric  oxide,  instead  of  potassic  chlorate,  W 

the  supply  of  the  oxygen.    Its  advantages  were — (1.)  the  comparatif! 

ease  with  which  it  rou\d  \»e  cAiWW^ii  \jutq  vx'o.d  dry,  and  (2.),  moi^ 
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ticolarlj,  that  wlien  heated  alone  it  required  a  high  temperature 
br  its  decomposition,  but  that,  when  heated  with  organic  matter,  it 
ily  imparted  ita  oxygen  to  it. 
LeToisier,  Saussure  and  Prout  suggested  passing  a  stream  of  pure 
lygen  through  the  combustion  tube  instead  of  uaing  cupric  oxide. 
Finally,  Liebig  improved  the  process  in  many  of  its  details.      Ho 
Iggested  the  use  of  plumbic  chromate  as  an  oxidising  agent,  instead 
f  cupric  oxide,  under  the  following  circumstances — 
(a  j    WTien  the  compound  containj^  chlorine  or  bromine.    When  cupric 
xide  is  used,  the  volatile  bodies  CuCl^  and  CuBr^  are  formed,  which, 
ndensing  in  the  caloio  chloride  tube,  introduce  a  source  of  error. 
Lig  is  avoided  by  the  use  of  plumbic  chromate. 

(/i)  When  the  cirw pound  contmna  suiphur.    The  sulphur,  when  burnt 
l^mipric  oxide  forms  SO..,  which  would  be  absorbed  by  the  potaasic 
'  solution,  thus  falsifying  the  results  obtained  by  weighing  the 
bulbs.     With  plumbic  chromate,  on  the  contrary,  the  sulphur 
\  not  form  80^,  but  the  non-volatile  body  plumbic  sulphate, 
,  (y.)   When  the  compound  contains  alkalme  isalt$>     The  alkaline  car- 
es into  which  these  alkaline  salts  are  converted  by  heat,  are  not 
aposed   by  contact  with   cupric  oxide  (thereby   decreasing  the 
atity  of  freo  COa  formed),  whilst  they  are  decomposed  by  the 
tion  of  plumbic  chromate, 
I  (c,)  When  the  compound  is  difficult  of  combustion. 


Lh The  Experimental  Determination  of  the  Carbon,  Hydro- 
gen, and  Oxygen  of  an  Organic  Compound,  not  containing 
Nitrogen, 

llChis  is  conducted  as  foUows: — A  tube  of  hard  glass,  eighteen 
long,  and  closed  at  one  end»  is  filled  for  the  first  five 
f  with  pure  cupric  oxide.  An  accurately- weighed  quantity  of 
organic  body  to  be  examined,  mixed  with  cupric  oxide,  is  then 
iuced,  the  remainder  of  the  tube  being  filled  up  with  pure 
de.  TothiB  combustion  tube  is  attached — 
)SirH^  an  accurately  weighed  tube,  contatniDg  calcic  Mo  ride,  for  the 
se  of  absorbing  the  moisture,  calcic  chloride  not  absorbing 
^boaic  anhydride ;  and 

ofidlif^  an  accurately  weighed  bulb -tube  containing  a  solution  of 
ic  h^drate^  for  the  purpose  of  absorbing  the  carbonic  anhydride 
aed  during  the  experiment. 

lie  front  part  of  the  combustion  tube  (that  is,  the  part  containing 
fpure  cupric  oxide)  is  first  heated  to  redness.  This  done,  the  heat  is  next 
I  to  the  mixture  of  the  oxide  and  the  organic  matter,  com- 
ig  at  that  part  of  the  tube  furthest  from  the  absorjition  tubes, 
[thus  the  organic  body  is  burnt  by  the  oxygen  of  the  cu^Ti^c  oxv^^* 
I  Hie  hydrogen  of  the  organic  body,  as  water ^  wiU  be  al[)60r\>ed  ^i'j  Xiift 
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calcic  cMoride^  and  tlie  carbon  as  carbonic  anhydride  will  be  absorbed] 
by  the  potash  solution. 

Finally,  the  sealed  end  of  the  combustion  tube  is  broken  off,  mil 
pnre  dry  air  or  oxygen  is  drawn  tbrougb  the   apparatus,  so  tBatJ 
any  moisture  or   carbonic  anhydride  remaining  in  the  tube 
aorbed  may  be  displaced. 

When  the  apparatus  is  cool,  the  tubes  are  again  weighed.    The  in-j 
crease  in  the  weight  of  the  chloride  of  calcium  tube  represents 
water  formed  by  the  combustion  of  the  hydrogen  of  the  compom 
and  the  increase  in  the  weight  of  the  bulbs  containing  the  solutoal 
of  potassic  hydrate,  representa  the  carbonic  anhydride  formed  by  tbftj 
combustion  of  the  carbon  of  the  compound. 

Determination  of  Oxygen* — ^li^  oxygen  is  calculated  by  difTer- 
ence ;  that  is,  having  proved  the  body  to  contain  only  hydrogen,  ca 
bou^  and  oxygen,  the  combined  weights  of  the  hydrogen  and 
carbon  are  subtracted  from  the  total  weight. 


Method  of  Calcnlatuig  Eesalta. 

Say  10  grains  of  sugar  is  burnt : — 

(a.)  The  calcic  chloride  tnbe  after  experiment  weighed    205-78gii»< 

„  „  before  „  „  200'00g»| 


Therefore  the  product  of  the  combustion  of  the  hydrogen  \    _  s-Tfttfrt,! 
of  10  grains  of  eugar  yields  HJJ  J    ""         ™| 

It  follows  therefore— 

18   ;   2    ;  :    5-78    :  a;  =  0-643  grs.  of  hydrogen  in  10  grs.  of  sngtf'j 
(/3.)  The  potassic  hydrate  solution  after  expt  weighed       815*39g 


before 


80a'00p«»l 


Therefore  the  product  of  the  combustion  of  the  carbon  )  ifi.Qg- 

of  10  grains  of  sugar  yields  CO^  )  ^ 


If  follows  therefore 


0 
12 


Wi.  ofCO,  to  10 


15-39    ;  X  —  4-198  gra,  of  carbon  in  10  grs.  of  bm 

(y.)  10  grs. -4^854  grs.  (0-643  grs.  of  Hh- 4-211  grs,  of  C)=5*l^ 
grs.  of  oxygen. 

(Z,)  Multiplying  these  quantities  by  10,  we  find  that  there  are  i 
©rery  100  parts  of  sugar — 

Carbon         ...         41-98  parts. 

Hydrogen 6'43     „ 


Oxygen 


ibVl>% 
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mxpmmental  errors, — Uauallj  our  eBtimatioii  of  the  carbon  in  a 

mj  is  O'l  to  0*2  per  cent,  too  low^  the  error  ariaing  frooi  the  iEcom- 

lle  combustion  of  the  bodj,  whilst  our  estimation  of  the  hydrogen 

BO'l   to  0*2  per   cent,    too  hijh^  arising  from  the  impossibility   of 

Bcting  the  entire  removal  of  moisture. 

II  the  case  of  a  liquid  it  is  commonly  placed  in  the  eombustiou-tube 

I  glasa  bulb,  the  exact  weight  of  the  liquid  introduced  being  pre- 

lislj  determined ;  whilst  in  the  case  of  a  fat  or  wax,  etc.,  a  little 

18  boat  ia  usually  employed  for  the  same  purpose. 

I)— Estimation  of  the  Hydrogen  and  Carbon  in  a  Body 

containing  Nitrogen, 

I  the  nitrogen  be  evolved  as  free  nitrogen  from  the  organic  body, 

presence  would  not  signify,  inasmuch  as  pure   nitrogen   would 

Iher  be  absorbed  by  the  calcic  cMoride,  nor  by  the  solution  of 

litic  potash.     But  as  a  rule,  during  a  combustion  analysis,  a  small 

Itotity  of  the  nitrogen  of  nitrogenised  bodies  becomes  oxidised  to 

fttric  oxide  (N^O^),  which,  on  coming  into  contact  with  the  air  in  the 

-bulb  apparatus,  would  be  further  oxidised  to  nitric  peroxide 

►i),  and  would   then  be  absorbed   by  the   solution  of  potassic 

and  so  interfere  with  the  estimation  of  the  CO^. 

edy  this  it  is  usual  to  place  some  copper  turnings   in  the 

of  the  combustion-tube^  and  to  maintain  the  metal  at  a  red 

i  during  the  whole  experiment.     The  action  of  the  copper  is  aa 

ows: — The  red-hot   copper   decomposes  any    oxide   of  nitrogen 

sued,  itself  absorbing  the  oxygen,  and  setting  free  pure  nitrogen, 

kh  merely  escapes  into  the  air,  unabsorbed  either  by  the  chloride 

calcium  or  by  the  potassic  hydrate. 

pL)— The  Recognition  and  Estimation  of  the  Nitrogen 
in  an  Organic  Body. 

Ihe  carbon  and  hydrogen  of  the  substance  having  been  first  esti- 
led  by  the  process  described  above^  the  nitrogen  is  to  be  determined 

Karate  exporiment, 
"he  Becognition  of  Nitrogen  in  Organic  Bodies,— The 

wmce  of  nitrogen  may  be  known, 

By  heating  the  substance  with  a  small  piece  of  potassium  (or 
um),  dissolving  the  residue  in  water,  adding  to  the  clear  filtrate 
(IT  drops  of  a  mixed  solution  of  ferrous  sulphate  and  ferric  chloride 

an  excess  of  hydrochloric  acid.     A  blue  precipitate  (I*russian 
)  indicates  the  presence  of  nitrogen. 
)3,)  By  the  generation  of  ammonia  when  the  organic  body  is  heated 

potassic  hydrate. 

%)  Estimation  of  Nitrogen* — (a-)  ^y  tWwm<f  (pTo^esao^DumBtiv 
process  is  Applicable  to  the  anaJjsis  of  all  nitrogemaQd  sub&Xjau^^^. 
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The  combustion-tube,  sealed  at  one  end,  is  prepared  as  follows  : 
— The  first  five  or  six  inehea  of  the  tube  is  filled  with  hjdric  sodic 
carbonate  (NaHCOs).    The  mixture  of  cupric  oxide  and  the  orgauio 
matter  ia  next  introduced,  and  afterwards  some  pure  cupnc  oxide,  the 
last  two  inches  of  the  tube  being  filled   up  with  copper  tumings. 
A  delivery-tube,  the  further  end  of  which  dips  under  mercury,  is  now 
fitted  to  the  combustion  tube.  The  apparatug  having  been  proved  to  be 
air-tight,  a  portion  of  the  hydiic  sodic  carbonate  is  heated,      Th^ 
carbonic   anhydride   generated,   sweeps   the   air  out   of  the    tubea* 
If  this  were  not  done  the  atmospheric   nitrogen  would  vitiate  the 
results.     This  done,  a  graduated  tube  filled  two-thirds  with  mercmy 
and  one*third  with  a  solution  of  potasaic  hydrate  (the  latter  to  absorb 
the  COg  generated  during   the   experiment)^  is  inverted   over   tbe 
delivery -tube.     The  copper  in  the  combustion -tube  is  now  made  red 
hot,  so  that  it  may  eO'ect  the  decomposition  of  any  oxides  of  mtrogea 
formed  during  the  process.     The  pure  oupric  oxide  is  next  heated, 
and  then  the  mixture  of  the  cupric  oxide  with  the  organic  matter. 
The  n.^0  formed  is  condensed,  whilst  the  COg  is  absorbed  by  ths 
potassic  hydrate  solution,  the  nitrogen  alone  collecting  in  the  receiver. 
The   combustion    being   complete,    the   un decomposed   carbonate  is 
heated,  the   carbonic   anhydride   generated   sweeping   any    residual 
Idtrogen  from  the  combustion  and  deEvery- tubes  into  the  graduated 
receiver. 

Tho  volume  of  nitrogen  formed  ia  then  read  off,  and  correctii 
having  been  made  for  moisture,  for  temperature,  and  for  baromi 
pressure,  ita  weight  ia  estimated  from  the  corrected  volume. 

A  alight  experimental  error,  not  exceeding  0'3  to  0*5  per  oeal 
arises  from  a  trace  of  nitrogen  remaining  in   the  tubes,   and 
being  retained  within  the  porea  of  the  copper, 

(/3.)  (Process of  Varrentrapp  and  Will.)     We  have  noted  that  wh< 
nitrogenized  organic  matter  is  heated  with  sodic  or  potassic  hytlral 
the  nitrogen  is  evolved  as  ammonia.*     Advantage  is  taken  of 
reaction  in  estimating  the  nitrogen  as  foEowa  : — 

A  known  weight  of  the  organic  body  is  mixed  with  soda-lime, 
is  prepared  by  slaking  lime  (CaO)  with  a  solution  of  sodic  hy 
and  afterwards  drying  and  igniting  the  product  formed.     The 
tagea  of  soda-lime  over  caustic  soda  are  manifest.  Caustic  soda 
fusible,  very  deliquescent,  very  difficiUt  to  powder,  acd  hence 
difficult  to  mix  with  the  organic  body.     Soda-lime,  on  the  contri 
infusible  at  a  red  heat,  is  not  deliquescent^  and,  owing  to  thi 
with  which  it  can  be  reduced  to  a  fine  powder,  admits  of  ready  ai 
ture  with  the  organic  body.     The  mixture  of  the  organic  matter 
the  soda-lime  is  now  placed  in  a  glass  combustion  tube,  and  heati 

•  When  a  non-nitrogenized  orgaiiict    liody  U  heated  with  potaftsio  bydrat^. 
Carbon  of  tho  orgama  matter  \ni"m%  aV  tU^  ex^kense  of  tho  oxygen  of  the  water  of  I 
hydrate,  the  carbomc  aahydndia  torDie4.tQTi:fti\iu3i%VvS!si\^^?iiu^, 
eBc&ping, 
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The  ammonia  evolved  is  conveyed  into  a  tube  containing  hydrocMoric 
acid,  and  the  quantity  of  ammonia  collected  estimated  aa  ammonio 
platiaic  chloride  ((NH4)^FtCl(3),  which  may  be  either  collected  and 
weighed  on  a  balanced  hlter  (100  grs.  =  6*27  N),  or  else  ignited  in 
a  crucible  and  the  weight  of  the  nitrogen  estimated  from  the  reduced 
platinum  (100  gra*  of  IX  =  14-18  N). 

The  ammonia  may  also  be  estimated  by  collecting  it  in  a  measured 
quantity  of  dilute  sulphuric  acid  of  Ifnown  strength,  the  amount  of 
acid  unneutralized,  being  determined  by  titration  (Peligot),  This  pro- 
eessof  estimating  the  nitrogen  as  ammonia  in  not  practicable^  however, 
vhen  the  nitrogen  is  present  as  a  nitro-compound,  aa,  e.  g.^  in  nitro- 
benzoly  ethyl  nitrate,  etc,,  or  in  the  case  of  certain  alkaloids,  etc. 


nated 


(IV.) — The  Estimation  of  the  Sulphur,  Phosphorus  and 
Haloid  Elements  in  an  Organic  Body. 

(1.)  Estimation  of  Sulphur*^— This  is  effected  by  one  or  other  of 

the  following  processes  : — (a. )  By  igniting  a  known  weight  of  the 

^anic  substance  with  a  mixture  of  nitre  and  po lassie  hydrate*    An 

ine  sulphate  is  thus  formed,  the  sulphur  of  which  may  be  esti- 

by  precipitating  its  solution  with  baric  nitrate  (100  grs*  liaSO^ 

a3-67  grs,  of  S,). 

(/?.)  By  interposing  between  the  calcic  chloride  tube  and  the  potash 
bulbi  in  the  combustion  apparatus,  a  tube  containing  lead  oxide,  the 
Iphurous  acid  formed  combining  with  the  lead  oxide  to  form  a  sul- 

of  lead  (PbO„+S02=PbS04). 
(The  presence  of  sulphur  vitiates  the  accuracy  of  the  carbon  deter- 
astion,  when  cupric  oxide  is  used  as  the  oxidising  agent.     This 

I  not  occur  when  plumbic  chr ornate  is  employed.  See  page  369), 
i2.)  Estimation  of  Phosphorus.— This  may  be  eli'ected  in  a 
Uimilar  manner  tu  the  process  (a.)  already  described  for  the  determina* 
of  sulphur.  After  precipitating  the  sulphuric  acid  aa  BaS04, 
excess  of  barium  is  to  be  thrown  down  with  dilute  sul- 
fliaric  acid.  The  phosphoric  acid  present,  the  form  in  which  the 
pboephurus  now  exists,  ia  then  to  be  estimated  by  supersaturating  the 
•olution  with  ammonia  and  adding  magnesic  sulphate.  The  am- 
toonic  magnesic  phosphate  precipitated  ia  then  collected,  ignited,  and* 
[ireighed  as  Mg.P.O,  (100  grs. =27-92°  P). 

(3,)  Estimation  of  CMoriBe,  Bromine,  and  Iodine.— This  is 

{effected  by  heating  the  organic  body  in  a  tube  with  quick-lime, 
l^horeby  CaClg*  or  GaBr^,  or  Calgi  is  formed.  The  product  is  then  dis- 
I  Helved  in  dilute  nitric  acid,  and  the  chlorine,  bromine,  or  iodine  pro- 
I  cipitated  with  argentic  nitrate. 

^4  J  Estimation  of  Chlorine,  Bromine,  Iodine,  Sulplixxi,  ?is\il 
Phosphorus  in  an  Org^jnic  Body, — A  mixture  oi  t\it^^  ot  loux 
of  the  organic  body  with  eighty  grains  of  niixic  acid  <^S^.  ^t* 
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1*5),  and  a  few  cryatals  of  argentic  nitrate^  contained  in  a  sealed  tub 
is  to  be  heated  for  three  or  four  hours  in  an  oil  bath.  When 
tube  IB  cold  its  contents  are  to  be  washed  into  a  beaker.  The 
soluble  AgCl,  or  AgBr,  or  Agl,  which  will  be  formed  if  the  su 
stance  contains  chlorine^  bromine,  or  iodine,  is  theo  filtered 
The  excess  of  silver  present  must  then  be  throwii  down  wil 
hydrochloric  acid,  and  the  sulphur  and  phosphorus  in  the  clear  ffl 
trate  estimated  as  baric  sulphate  and  ammonJc  magnesic  phosphati 

(5.)  Other  constituents  remain  as  ash,  and  must  be  estimated 
the  usual  manner. 

VAPOR  DENSITY. 

HaTing  determined  by  an  ultimate  analysis  the  exact  chemii 
composition  of  a  body,  it  is  necessary  (if  the  substance  under  e 
nation  be  volatile)  to  determine  the  specific  gravity  of  its  vapor.  T! 
shall  notice  hereafter  the  important  control  that  this  determinatid 
exercises  over  the  calculationa  derived  from  the  ultimate  analyi 
We  should  here  remark — 

(a*)  That  with  an  organic,  as  with  an  inorganic  compound,  ** 
vapor  density  is  one-half  its  molecular  weight;"  in  other  wordi 
that  the  molecule  of  a  compound  body  (no  matter  what  number 
atoms  be  present  in  the  molecule)  occupies  in  the  state  of  gas  t 
the  volume  occupied  by  one  atom  of  hydrogen  (H=I)  under  lil 
conditioES  of  temperature  and  pressure.  Thus  a  molecule  of  wati 
gas  (H^O)  occupies  two  volumes^  or  |  |  |  ,  the  atom  of  hydroffl 
(H)  occupying  one  volume,  or  j    ^|  . 

(/}.)  It  follows,  if  the  molecule  of  a  compound  body  in  the  state 
vapor  be  twice  the  volume  of  an  atom  of  hydrogen,  that  **  ihe  spec^ 
gravitif  of  any  compound  gajf  or  vapor  referred  to  hydrogen  as  umty^  mmt 
om-haif  iU  molecular  wetghlJ^     Thus — 

The  molecular  weight  of  B^fi=  1 8,  This,  we  have  seen,  occupii 
2  volumes,  i*.  e.,  twice  the  volume  occupied  by  H ; — 

Therefore  ^  =  9,  the  relative  weight  or  vapor  density  of  wi 
gas,  hydrogen  being  1. 

(y.)  But  to  this  general  law  we  find  certain  exceptions.  Ihii 
exceptions  are  probably  more  apparent  than  real,  and  may 
explained  by  the  circumstance  that  many  bodies,  when  heated  to  th< 
boiling  point,  decompose,  so  that  the  vapor  experimented  upon  is  i 
the  pure  vapor  of  the  original  body,  but  a  mixture  containi^ 
the  vapors  of  the  new  compounds  of  decomposition*  This  form  * 
decomposition  is  termed  ^'diamciaiion^  {see  ^&gQ  13).  For  exampl 
a  molecule  of  sulphuric  acid  (£[,2804),  as  a  gas,  is  found  to  occupy  n< 
(as  it  should  do)  2  yolumes,  but  more  than  2  volumes,  the  reafid 
feeing  that  when  sulphuric  acid  is  heated  above  its  boiling  pointy  it 
decomposed  more  or  less  com^\e\^Vj  \n.\A  aul^Wxl^  anhydride  and  watfll 
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(HjSO^^HjO+SOj),  Hence^  if  w6  were  determmiDg  its  vapor 
jeonty,  our  experiment  would  be  conducted,  not  with  pure  sul- 
phuric  acid  vapor,  but  with  a  vapor  containing  the  mixed  decom- 

itioE  products,  water  and  eulphuric  anhydride. 

It  will  be  evident  that  if  dissociation  uxm  complete^  the  molecule  of  a 
itance  (such,  e.  g.,  as  H^SO^)  would  oooupy,  in  a  state  of  vaj>or^ 

volumes   instead  of  2  volumes  j  that  is,   the  H^O  formed  would 

;py  2  volumes,  and  the  SO,  2  volumes.     This  being  the  case,  the 

ed  specific  gravity  would  be  ono-fouarth  (and  not  one-half)  the 

weight,  the  molecule  appearing   to  occupy   4   times  the 

nme  of  a  hydrogen  atom*     But  disf^oviation  may  be^  and  uauaUi/  iV, 

J^partialf  commencing  at,  or  a  little  above,  the  boiling  point,  and 
ling  more  and  m^ore  perfect  as  the  temperature  is  increased. 

The  difficulty  in  determining  vapor  densities  arising  from  disso- 
Qfttion,  has  been  in  some  cases  overcome  by  altering  the  relationship 
between  the  relative  quantities  of  the  products  of  dissociation,  the 
tendency  of  compounds  to  combine  being  augmented  by  the 
Pw^euce  of  one  of  the  compounds  in  excess.  Thus,  if  wa  attempted 
to  determine  the  vapor  density  of  phosphoric  chloride  (POlj)^  wo 
ahould  find  that  it  would  split  up  into  PCI.,  and  Clg,  If,  however,  we 
niix phosphorous  chloride  (PCI,)  with  phosphoric  chloride  (PClj)  the 
tWorine  set  firee  by  heat  from  tbe  PCI5,  being  in  the  presence  of  a 
l«ge  excess  of  PCI3,  instantly  combines  with  it  to  form  PCI5,  enabling 

at  once  to  obtain  the  true  vapor  density  of  the  phosphoric  chloride 

ioi  in  some  cases  the  difficulties  arising  Irom  dissociation  have  been 

Wo  now  proceed  to  consider  the  d^iermination  0/  vapor  densities, 

S^tenniiiatioii  of  Taper  Densities. 

This  may  be  effected  in  one  of  two  ways  ;  either 

I.  By  determinijig  the  weight  of  a  g:iven  voliime  of  vapor;  or 

n.  By  determining  the  volume  of  a  given  weight  of  the 

ibitance, 

L — Bj/  deitrmimng  the  weight  of  a  given  volume  of  vapor  (process  of 

bmas). 

(«,)  Provide  either  a  clean  dry  glass  flask,  or  one  of  porcelain,  if 
a  will  not  stand  the  necessary  heat.  The  ilask  must  have  a  long 
finely  drawn  out  neck,  and  be  capable  of  holding  from  200  to 
CO*  Weigh  the  flask  accurately,  noting  at  the  time  the  tempera- 
and  pressure. 

Thusw£  learn  the  weight  of  the  flask  filled  with  air  at  a  definite  iemperor 
(md  pressure. 

(/?.)  Introduce  now  into  the  flask  a  quantity  (say  50  to  100  grains) 
the  substance  to  be  examined,  and  place  the  flaek  contamva^  \Xl^ 

Bponiid  in  a  water,  oij,  or  mercury  bath,  the  neck  o£  t\ie  ftBJBV^i«^^J^^ 
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external  to  the  bath«  The  temperature  of  the  batli  employi 
must  be  cont^iderablj  above  tlie  boiling-point  of  the  body  undi 
examination.  Hence  the  vapors  of  cadmium  (860*^  C),  or  of  zii 
(lO-iO^^C),  must  be  used  if  necessary.  The  vapor  of  the  substam 
aa  it  is  evolved,  expela  the  air  of  the  flask.  When  the  evolution 
vapor  from  the  flask  ceases,  the  neck  of  the  flaak  is  to  be  aeali 
the  temperature  of  the  bath  and  the  atmospheric  pressure  being  not 
at  the  time,  When  the  flask  is  cold  it  is  to  be  weighed,  the  tempei 
tare  and  pressure  being  again  recorded* 

Thus  we  learn  the  weight  of  the  flask  filled  with  the  vapor  of  the 
under  examnathn^  at  a  fk finite  tempemture  and  prei^sure, 

(y,)  The  extreme  point  of  the  flask  is  now  to  be  broken  off  undl 
me^cu^}^  If  the  air  of  the  flask  has  been  entirely  expelled, 
mercury  immediately  rushes  into,  and  completely  fills  the  flask 
weighing  the  mercury  that  thus  enters  the  flask,  the  capacity  of  tk 
flask  may  be  determined. 

Thus  wf  iearn  the  eapaatj/  of  the  flask. 

If,  however,  the  mercury  does  not  completely  fill  the  flask,  it 
that  the  expulsion  of  the  air  by  the  vapor  was  not  complete, 
these  circumstances,  weigh  _^r»f  the  mercury  that  enters  the  flask, 
secondly,  the  total  mercury  required  to  fill  the  flask. 

Thus^  hj  the  differ ence  between  these  two  weighings^  wc  ham  tlu 
of  residual  air  in  thefimk  <it  the  time  of  the  crpertmentj  whilst  the 
the  mtrmry  required  to  Jill  ihefiask^  gives  us  the  gross  capamttf  oftt 

Ea ample  (from  Roscoe).— A  volatile  hydro-carbon  (CgHi^)  is 
for  the  experiment.     The  barometric  pressure  is  throughout  taki 
at  760  mm.  ♦ 
Weight  of  the  flask  filled  with  air  (tempera- 
ture 15^5^  C.) =  23'449  gnna. 

Weight  of  the  flask  filled  with  the  vapor  of 

the  hydro-carbon  (temperature  llO'^O.)     =  23^720  grms. 
Capacity  of  the  flask      ..♦  ...         ...  178  c.c. 

From  these  data  we  enquire, — 

(L)   Wliat  bulk  troidd  178  c.c.  of  air  at  15*5°  0.  (the  temperature 
which  the  flask  tjontaiaing  air  was  weighed)  occupy  at   Q^C.   (^ 
standard  temperature,  ^see  p.  33)?     Ans,  IG8*4  c.c. 

(2.)   What  is  the  weight  of  (hia  volume  of  air  ?    Every  c.c*  of  air 
O^'C.  and  760  mm.  weighs  0'001293  grms.  Therefore  0-001293  x  16^ 
:^0^218  grms.,  the  weight  of  168-4  c.c.  of  oir  at  0^" C,  and  760  mi 
pressure;  in  other  words  the  weight  of  the  air  the  flask  contains  at  0' 

(3.)  The  weight  of  the  flask  without  air  is  therefore  23*231  gnfl 
[23-449  grms.  (flask  +  air)— 0'218  grm.  (weight  of  air)— 23-231  gnfll 
(weight  of  flask),] 

(4.)  The  weight  of  the  flask  filled  with  vapor  is  23'720  giims.  If 
subtract  from  this,  the  weight  of  the  flask,  we  obtain  the  weight 
^6©  YSL-^QT  in  the  flask  \^^:i-1^0   ^^yaLfiV-V^^'^tV- 23-231  (weight 


flu)  178  o,c.  of  hydrogen  at  110^  G,  weighs  0-01134  grm.  (I  c.c.  of 
igen  at  0°C,  and  760  mm,  weighs  0-0008936  grm.  {see  page  35). 

erefore  -°"'«1  =  4313  1  ^^«  "^*"''*T  °^/'f  "'P"  «*".^fi^>« 
0*01134  (        compared  to  hyarogen  as  unity, 

fa  thU  example  we  have  omitted  such  minor  details  as  the  expan- 
ion  of  the  glass  flask,  the  errors  of  the  thermometer,  etc.  If  the 
ttesanre  varied  during  the  experiment,  due  allowance  must  be  made. 
I  If  the  air  be  not  wholly  expelled  from  the  flask  by  the  vapor,  the 
Beidual  air  must  be  deducted  from  the  total  capacity  of  the  Bajak,  and 
^e  calculation  made  on  the  result, 

II.^The  vapor  denRity  may  also  he  Gstimated  **  by  determining  the 

Irdume  of  a  given  weight  of  tlie  substance."  (rrocess  of  Gay  Lussac) 
I  A  eealed  glass  bulb,  containing  a  known  weight  of  the  substance 
tole  examined,  is  introduced  into  a  graduated  tube  full  of,  and  stand- 
Wover,  mercury*    The  whole  apparatua  is  then  lowered  into  a  bath 
pf  hot  oil  or  other  liq^uid,  the  heat  of  which  bursts  the  glass  bulb,  and 
tsonverts  the  whole  of  the  volatile  substance  contained  therein  into 
_^tJ.por.    The  volume  of  vapor  is  then  noted,  atid  also  the  temperature 
'  the  bath,  the  atmospheric  pressure,  the  height  of  the  mercury  in 
he  graduated  tube  (the  downward  weight  of  which  tends  to  fxpand 
heTajmrj,  and  the  depth  of  the  oil  bath  pressing  on  the  mercury  (the 
llirard  weight  of  which  tenda  to  eontravt  the  vapor).     From  these 
,  the  vapor  density  may  be  calculated. 
Holmann*0  modification  of  the  above  process,  consists  in  enclosing 
he  graduated  glass  tube  in  a  second  and  larger  tube,  through  which 
^fronts  of  the  vapor  of  water  or  other  body  can  be  passed.     In  this 
^ay  the  trouble  of  lowering  the  whole  apparatus  into  the  oil  bath  ia 
■voided.     The  volume  of  the  vapor,  the  temperature,  the  pressure, 
fid  the  height  of  the  mercury  column  must  be  noted.     The  weight 
hydrogen,  whif-h  under  the  same  conditions  would  occupy  a  similar 
^luin©  is  then  estimated,  and 

the  weight  of  substance  examined    __  j  the  vapor  density 
the  weight  of  hydrogen  (  rei][uired. 

f  Ws  have  now  to  consider 


ke  Application   of  the   Facts  dodnced  from  the  Ultimate 
Analysis,   and   from   the   Determination   of  the   Vapor 
Densities  of  Organic  Bodies. 
(1.)  We  Uam  firstli/,  the  percenUge  composition  of  a  hodij.     This,  as 
*0  have  noticed,  is  at  once  deduced  from  the  analysis  (page  370). 
I  llius  it  was  shown  that  every  100  parts  of  sugar  contained — 
Carbon,  41*98;  hydrogen,  6*43  ;  oxygen,  61*59. 
(2.)  From   this  percentage   composition  ia  deduced   tfie    empirical 
/ormii/4  of  the  body,  i,  e,,  the  eimpleat  possible  e^piG&aion  oi  \ii^  T^\«b- 
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tivo  quaatitiea  of  the  several  elements  present,     Tliiis  the  empiri 

formula  for  sugar  is  Ci^Hg^On*     The  rule  for  estimatiog  the  empiri 

formula  from  the  percentage  composition  is  as  follows  {ne  pagt  44)  j 

**  Divide  the  percentage  mimhera  by  their  respective  atomic  weigb 

and  divide  these  quotients  by  their  greatest  common  divisor/'  thuf 

PflTcentage  com-    At.  Wt,  of  ) 

pofiti0a  of  sugar*      element.  . 

Carbon... 41-98        ^        12       =       850.  J 

Hydrogen    6-43        ^  1        =       643.  1 

Oxygen    51*59        ^        16       ^       823.  ^ 

The  relationship  between  C35oH^+.i03sw  (dividing  each  by  30)  la  > 
nearit/  expressed  by  the  formula  OigH^On. 

Ver^  n^arftff  we  say,  but  not  exactl^^  for  it  has  been  already  remarl 
(page  371)  that  slight  experimental  errors  are  inseparable  fpomj 
ultimate  analysis.  This  experimental  error  may  be  checked,  amon 
other  methods  mentioned  under  the  determination  of  the  molecd 
formula  (page  379),  by  ree toning  back  the  formula  deduced  to  I 
percentage  composition,  as  well  aa  calculating  the  percentage  COI 
poBition  into  the  formula.  The  question  is — Do  the  errors  fall,  M 
as  regards  (1)  direction  and  (2)  amount ^  within  the  recognised 
ri mental  errors,  remembering  that  as  regards  (1)  direction^ 
carbon  is  commonly  deficient  and  the  hydrogen  in  excess,  and  tha 
regards  (2)  amount^  the  deficiency  of  the  one  or  the  excess  of  the  ( 
should  not  exceed  0'2  or  0*3  per  cent.  ? 

Thus  in  the  case  of  sngar^ — 


From  tk©  percentage  compoeitioii 
Carboji      .,     .,     41-98 
Hydrogen  t  •     «•      6*43 
Oxygen     ..     ..     &V^9 
we  o&lculate  the  fonuuU ; — 


From  the 
calculate  the 
aa  foUoiTB  :  — 

Carbon  . 
Hydrogen 
Oxygen    , 

of  results  proves  the 


IL 
formula    C(jH^O, 
percentage    c^mpoiH 


4211 

643 

61*46 


accuracy  of  i 


This  close  correspondence 
formula  Gi^H^jaO^,. 

(3),  Our  results,  further,  help  ns  to  determine  the  molecular /or0 
of  the  body*  By  this  we  mean  "  Ih^  atmrnc  eonsiitnii&n  of  the  moUti 
which f  conv fried  into  vapor,  corresponds  to  the  volume  formed  by  2  atom 
hi/dro^e7i  (hence  called  a  *  two- volume  formula')  under  mmitar  d 
ditions  of  temptraiur§  and  pressurffj^  The  advantage  of  the  moled^ 
over  the  empirical  formula  is,  that  it  represents  not  only  the  nuinl 
of  parts  by  weight,  but  also  a  quantity  which,  as  a  gas,  occupiflt 
known  volume  (viz.,  2  volumes).     Comparison  is  thus  simplified. 

(a*)  What  i»  the  relationship  httwi^n  lh«  empirical  and  the  molecd 
formula  qf  a  Imltf  ? 

(1.)  They  may  be  identical; 

(2.)  If  not  identical,  tine  tnoVoc^w  CoTmula  is  always  some  si' 
multi]^U  of  the  empirical  toTm>3i«i.   T!:\iTa* — 
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CH  repreeentB  the  empirical  formula  for  benzene ; 
C^H^        ,,  molecular        „  ,, 

We  next  enquire — 

(/j.)  How  IS  (M  mokmiar  {or  two-volume)  formula  determined  f 
(lat)   By  the   actual  determi nation,  when  posfiible^  of  the  vapor 
j'iflttaity  of  the  body.    The  vapor  density  of  a  body  (that  is,  the  relative 
[height  of  on©  volume)  is  always  one-half  its  molecular  weight,  (that 
1 11,  the  actual  weight  of  two  volumes)* 

CH,  we  leam  from  its  ultimate  analysis,  represents  the  simplest 
j  expression  of  the  relative  amounts  of  carbon  and  hydrogen  in  the 
liquid  called  benzene.     From  this  formula  we  should  estimate  the 
Tapor  density  of  benzene  as  6^5  thu& — 

12  +  1 


CH  ^ 


=  6  5  : 


Experiment,  however,  shows  that  the  vapor  density  of  benzene  is  39 
^  H  -I-  6.     Hence  CjsH^  must  be  the  molecular  formula — 

72  +  6 


CcH,== 


2 


=  39*0 


to* we  may  state  the  factfl  thus:— the  parts  by  weight  of  benzene 
at^  by  the  formula  CH,  when  converted  into  vapor,  only 
[meiMare  one-sixth  of  the  volume  produced  by  2  unit  weights  of 
Iflydrogen;  whilst  the  parts  by  weight  represented  by  the  formula 
^fiB^  measure,  when  converted  into  vapor^  the  volume  produced  by 
1 2  unit  weights  of  hydrogen,  under  similar  conditions  of  temperature 
l^fid  pressure.     Hence  CcHf,  is  regarded  as  the  molecular  formula  for 

(Sndly.)  It  is,  however,  not  always  possible  to  estimate  the  vapor 
«ity  of  a  body,  for  it  may  be  non- volatile,  or  it  may  decompose 
pben  heated.     Hence  other  means  must  be  adopted  to  determine  the 
18  neceasary  to  form  two  volumes,  if  the  suhtance  could  be  volatilized 

(a.)  Such  means  consist,  in  the  analysis  of  (he   compounds  it  formi 
Hth  well'l'Ttown  bodies,  in  other  words,  its  powers  of  combination  and 
liattiratioD* 

(1.)  In  the  case  of  organic  acids  or  salt  radicals,  the  silver  or  lend 
1 18  commonly  examined.  For  example^  suppose  we  were  determin- 
f  the  molecular  formula  of  acetic  acid*  From  the  ultimate  analysis 
^e  leam  that  CH^O  constitutes  its  empyrical  formula.  One  atom  of 
ilrer  will  replace  (we  know)  one  atom  of  the  hydrogen  of  the  acetio 
3d  to  form  acetate  of  silver.  By  analysis  we  find  that  every  100 
( of  this  acetate  of  silver  contains — 

Silver         ..»         64*68  parts. 

Carbon,  Hydrogen  and  Oxygen  35 '32     „ 

lence  the  atoms  of  C,  H  and  0,  combined  with  108  atoms  <A  ^^^y 
pOB  being  the  atomic   weight  of  silver),  may  "bo  iouu^  'b'j  ^^ 
^uaticn— 

S4'4$  :  36-32  :  ;  1Q6   :  x  ^  5S98. 


HANDBOOK   OF  MODEEN   GHSlilSTET. 


To  ihm  58*98  add  1  (—59^98),  to  allow  for  the  hydrogen  displaced 
by  the  silver.  Hence  the  molecular  weight  of  glacial  acetic  acid  is 
5!)  98,  and  its  molecular  formula  (allowing  for  experimental  error) 
must  be  Cgll^Oj.     Thus — 


c. 

= 

2*, 

H, 

= 

4, 

0, 

— 

32 

60'00,  or  59*98  nearly, 

(2,)  In  the  case  of  organic  bases,  the  neutral  compounds  formed 
with  well-known  mmeral  or  organic  acids,  must  be  examined. 

(ji.)  The  study  of  the  substitution  products  the  body  forms. 

(y.)  The  action  of  reagents, 

(B.)  The  colcftlation  of  the  specific  heat,  and  of  the  specific  graTi^ 
of  the  body. 


It  is  moat  important  to  bear  in  mind  exactly  what  a  moleculi 
formula  teaches^  and  what  it  does  not  teach  : — 

(a.)  It  leaches  the  actual  chemical  composition  of  a  body^  and  iti 
rapor  density. 

(/?.)  It  does  not  teach  the  chemical  formation  of  a  body,  nor  its  i 
of  decomposition  ;  nor  does  it  help  us  iuthe  least  degree  to  distir 
between  isomeric  compounds  (see  page  48). 

To  supply  these  wants,  Rational,  Comfitutional  or  Struetwral  Ftn 
are  employed.  A  rational  formula  is  designed  to  teach  something  C 
the  Bature  and  propertiesi  and  also  of  the  formation  and  decompoaitio 
of  a  substance. 

It  will  be,  of  course,  understood  that  rational  formulae  are  purd^ 
thmretkal  formulm,  and   merely  represent  probabilities.     They 
not  to  be  regarded  as  actual   represenfations  of  the  constitution  of  «  " 
body,  but  merely  as  tho  best  representations  our  present  knowl^dgs 
enables  us  to  form. 

One  compound  may  possess  many  rational  formultB,  and  we  use  thei 
according  to  the  decomposition  or  reaction  we  desire  to  repr 
Thus,  acetic  acid  (OgH^Og)  has  numerous  rational  formulee,  amon 
which  we  may  mention  the  following  :— 

(I.)  H{02HjOg):  This  implies  that  acetic  acid  h  s^  monobasic  a^. 
the  one  H  placed  on  one  side,  implying  that  it  may  be  replaced  by  I 
monovalent  metal,  or  by  a  univalent  alcohol  radical.     Thus  we  haH 
the  bodies — 


Ag'.C,H,Og 
{0,H,)',(C,HA) 


Argentic  acetate. 
Baric  acetate. 
Ethyl  acetate. 


(2.)  C2H30(HO) :  "When  phoaphorua  pentachloride  acts  on  aceti 
acid,  one  of  chlorine  takes  the  place  of  one  of  the  group  ( HO)  (a.) ; 
when  the  acetic  chloride  t^na  lotm^^  \a  Bk^tad  on  with  water,  one  of  t 


>tip  (HO)  takes  the  place  of  1  of  chlorine  (/?.),  as  will  be  fi©en  in 
lie  following  equations.  This  formula  denotes,  therefore,  the  dis- 
ilacement  of  HO  by  CI, 

»(a,)  aH,0.{HO)  +  PCl5:=C,H,0.ri+  HCl  +  POCla. 
03.)  aH.O.Cl  +  H,0:=C,H,0(  HO)  +  HCl. 

(3.)  CHs.CO^.H;  This  represonta  that  on  electrolysing  acetic  acid» 
hydrogen  is  given  off  at  the  —  pole,  and  ethane  (CgH^)  and  carbonic 
ftnliydride  at  the  +  pole  (2CH,.CO^.H=B:,  +  O,>nfl+2COO. 

(4.)  CH3.CO.HO:  This  fortiiula  represents  the  fact  that  the  radical 
Acetyl  (C^H^O)  consists  of  carbonyl  and  methyl.  It  shows  how  marsh 
gas  (CH4)  is  evolved  when  potassic  acetate  is  heated  with  potasaic 
hydrate,  C?Hj,CO.KO  +  KnO==CH4+(CO)''(KO)e.  Also  that  acetic 
acid  forma  metallic  salts,  as  potasaic  acetate  (CHj.CO.KO) ;  also  that 
by  the  action  of  PCl-j,  the  HO  may  be  exchanged  for  CI,  etc. 


PEOXIMATE  ANALYSIS  OP  ORGANIC  BODIES. 

By  a  proximate  analysis  is  implied  the  separation  of  the  proximate 
Hnciphit  of  bodies,  as,  *.  g.^  the  separation  of  milk  into  fat,  sugar, 
Iwin,  etc.  We  can  lay  down  no  general  rnles  for  a  proximate^  as 
p  are  able  to  do  for  an  ultimate  analysis,  each  substance  req^uiring 
fecial  treatment. 

[The  mkroscopf  and  microscopic  reactions,  afford  great  aid  in  proxi- 
lite  analysis,  enabling  us  to  detect  and  to  identify  various  bodies, 
ph  aa,  tf,  ^.,  starch  tells  by  their  appearance  and  reactions  with 
Idine ;  ceitulmj  by  its  turning  blue  with  iodine,  after  having  been 
hi  moistened  with  dilute  sulphuric  acid ;  wood  if  (tssve,  by  its  being 
prkened  by  sulphuric  acid^  and  turning  brown  on  being  afterwards 
pated  with  iodine  ;  corhf  tissue^  by  the  absence  of  any  change  with 
Wphuric  acid  or  with  iodine,  etc.,  etc.  Further  in  separating  crya- 
ilUzable  bodies,  the  microscope  enables  us  to  detect  admixtures  by 
m  presence  of  crystals  of  diiferent  orders. 

I  Dial^mip,  again,  as  a  means  of  separating  crystalloids  from  colloids^ 
ptirdB  invalnable  aid, 

I  The  following  are  the  chief  physical  and  chemical  means  adopted 
mf  separating  the  proximate  principles  of  organic  bodies. 
I  1.  %  ^pofitamous  exudation f  as,  e.  ^.,  gums,  resins,  etc» 
I  2.  By  mechantcal  pnxmrf^  as,  e.  <;.,  oils  (linseed,  castor,  etc.). 
I  3,  ijjj  the  aeiion  of  heaL — This  may  be  employed  either — 
I  (a.)  To  melt  out  resins  and  fats,  or 
^^  To  sublime  the  volatOe  acids  (benzoic),  or 
^H  To  distil  the  volatile  oils,  or 
W^)  To  separate  admixtures  of  volatile  h'quids  by  rractioual  d\&\Ki- 


r  I 
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4.  By  the  acti(m  of  solvents : — 

C    cold — to    dissolve  gams,   BOgar,  oertain   cole 

(a.)  Water   <  matters,  etc. 

(^     boiling — to  dissolve  starch,  salts,  etc. 

(/3.)  Alcohol — to  dissolye  volatile  oils,  resinSy  certain  alkal 
coloring  matters,  etc. 

(y.)  Eiher,  chloroform^  or  hemol — to  dissolve  fixed  oils,  cam] 
caoutchouc,  certain  alkaloids,  etc. 

(2.)  Dilute  acids  and  alkalies — ^the  use  of  which,  however,  is  gene 
to  be  avoided,  owing  to  the  changes  they  induce  bi  the  organic 
itself. 


CHAPTER  XX^ 

THE  NATUEAL  AND  ARTIFICIAL  CHANGES  OP  OEGANIC 

BODIES. 

Fnumn-ATToif — Vtrietiea— I.  Alcoholic— II,  Lactic— III.  Butyric — IV.  Koooob— 
V.  Aoetoiu — Conditions  neeese&rj  for  FemucntaiiQD— CircumtUnoee  ioiliieikeiiig 
F«nii«iitatioii — Theories  to  account  for  it — Practical  ftpplication^  PtmnFAcnow 
— DianfectantJ.  Erexacaisis.  Acttoa  of  H«at— Action  of  Acidji— Aotioa  of 
Alkalies — Action  of  Haloid  Elements — Action  of  Naecent  Oxjgen  and  fiydrog^tt— 
and  of  other  Reagenu — Action  of  Light  and  Electncity. 

The  transformations  whicli  organic  bodies  undergo  are  twofold  :^ 
(A-)  Natural  or  Spontaneous  \  and  (B.)  Ariificial, 

A.-lf ATURAL  AlfD  SPONTANEOUS. 

It  may  be  stated  generally,  tbat  all  organic  substances  ar©  naturally 
pione  to  resolve  tbemselves  into  simpler  parts  or  groups.  This  reso- 
lution is  effected  in  one  of  three  ways  : — 
II.  By  fermentation. 
11,  By  putrefaction. 
III.  By  eremacausis  or  decay* 
e 


I.  FERMENTATION. 


DefinitiOlL — ^*  A  process  whereby  certain  organic  substanceSi  under 
le  influence  of  contact  with  a  nitrogenous  body  called  a  ferment, 
are  resolved  into  simpler  groups.**  We  may  note  that  fermentation  is 
accompanied  by  the  development  of  certain  minute  living  organisms, 
the  existence  of  which  may  be  either  a  cause  or  a  cont^quenc^  of  the 
chemical  change ;  that  no  offensive  odors  are  evolved  during  the 
process  J  and  that  the  products  are  most  often  of  a  useful  nature. 
We  shall  investigate  the  subject  of  fermentation  in  the  following 

Its  principal  varieties. 
2«  The  conditions  necessary  for  its  existence . 

3.  The  conditions  influencing  its  action. 

4.  The  theories  to  account  for  it^ 
6.  Its  practical  applications. 


(1;)  The  Varieties  of  FermeEtatioE. 

There  are  five  varieties  of  fermentative   action,  tWvr  d\i^nic&i^ 
iLaiiie«  being  derived  Irom  the  principal  product  fuiiUBhei  *. — 
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(o.)  The  alcohoUe  or  vinmis  fertntntaikm^  in  which  alcohol  is  formed- 
(/3.)   The  lactic  fsj'mentaf ion f  in  which  lactic  acid  is  formed, 
(y.)  The  butyric  fermentation^  m  which  butyric  acid  is  formed. 
(2.)    The  mucous  or  viscous  fermentation^  in  which  a  gumoij  matter 
formed, 

(c.)  The  acetous  fennentatioUf  in  which  acetic  acid  is  fonned. 

(aO  The  Alcoholic  or  Vinous  Fermentation:  i-^^  a  fennenU 

tion  characterised  by  the  formation  of  alcohol.  This  results  from  th 
action  of  yeast  on  a  solution  of  grape  sugar,  ethylic  alcohol 
carhonic  anhydride  being  the  chief  products.  The  change  of  95  pfl 
cent,  of  the  sugar  thus  fermented  may  be  represented  as  follows  :— 

CgHisjOfi     =        2031^50        +  2OO2. 

Grape  sugar    as    Etliylic  alcohol    4-     Carbomc  ftnhydride. 

But  besides  these,  other  products  are  formed  from  the  remaining 
per  cent,  of  sugar;  uiz,^  free  hydrogen,  the  homologues  of  ethylic  alcob 
(as  propylic  alcohol,  etc,),  a  hydrocarbon  of  the  CnH^„^o  BerieSi  glyo 
rine  (to  the  extent  of  3  per  cent  of  the  sugar  fermented  (Pasteur)), 
mannite,  acetic  acidj  succinic  acid  (0^5  per  cent.),  eto.  Many  of  thes^ 
products  are,  however,  no  doubt  the  result  of  secondary  action,  either 
of  the  nascont  hydrogen  (as,  e.j.,  in  the  production  of  glycerinei 
mannite,  etc.),  or  of  the  nascent  oxygen  (as,  e,tj.f  in  the  production  of 
Bucclnio  acid)  resulting  from  the  decomposition  of  water^  which  de* 
composition  it  is  believed  always  occurs  dui-ing  the  process. 

The  active  agent  of  alcoholic  fermentation  is  believed  to  be  the  oel 
of  the  torula  cereviaia. 

It  is  to  be  specially  noted  that  cane-sugar  and  its  isomeridea  ( 
the  CtrjH2,^0|i  group)  will  not  undergo  vinous  fermentation,  thisacti^ 
being  limited  to  grape-sugar  and  its  iaomerides  (t.fJ.,  the  CgHj^' 
group)*  The  change,  however,  of  cane-sugar  into  grape-sugar,  uad 
the  influence  of  a  ferment,  is  rapid,  the  specific  gravity  of  the  %i 
increasing  as  the  change  takes  place,  a  solution  of  cane-sugar  havi 
a  lower  gravity  than  one  containing  an  equivalent  amount  of  graj 
sugar. 

(/3.)  The  Lactic  Acid  Fermentation ;  ie.,  a  fermentation  chat! 

terised  by  the  forraation  of  lactic  acid.  This  results  from  the  actii 
of  putrefying  cheese  or  milk  on  grape  or  milk-sugar.  It  ia  necessa 
in  order  to  neutralize  the  lactic  acid  as  soon  as  formed,  that 
solution  should  contain  either  chalk  (in  which  case  a  calcic  lactai 
produced),  or  zinc  white  (when  a  zincic  lactate  results),  the  presea 
of  a  trace  of  free  acid  entirely  preventing  the  continuance  of  the  fi 
mentation  by  coagulating  the  casein  and  rendering  it  insoluble,  *E 
change  into  lactic  acid  may  be  represented  as  follows  : — 
(n.)  C5H12O6  (glucose)  =  SCaHffl^t  (lactic  acid). 
ill)  CieH,.On  (lactose)  +  H.O  =  4C3HA  (lactic  acid) 
Mannito  is  also  formed  iutm^  ^^  i^rocess.    It  is  necessary  tl 
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tlie  lactates  themselves  skoiild  be  removed  from  the  action  of  the 
ferment  aa  aoon  as  posaible^  otherwise  they  are  converted  into 
butjratea.  The  lining  membrano  of  the  stomach  of  the  calf  (rennet) 
■  arid  animal  membranes  generally,  are  specially  active  in  inducing 
Ithia  variety  of  fermentation*  In  the  case  of  milk,  the  casein  acts  as 
I  the  ferment  on  the  milk-sugar,  Hence  milk  contains  both  the  fer- 
Inient  itself,  and  the  body  to  ferment. 

The  active  agent  of  the  lactic  aoid  fermentation  is  believed  to  be 
I  the  penidllium  glaucnm, 

ir)  The  Butyric  Fermentation,  «»«•»  a  fermentation  characterized 
I  \fj  the  formation  of  butyric  acid. 

L  This  reeultfi  from  the  prolang$d  action  of  the  lactic  acid  ferment 
i  the  lactic  acid,  whereby  butyric  acid  (whicli  by  the  action  of  chalk 
•^  converted  into  bntyrate  of  lime)  together  with  free  hydrogen,  car- 
Iconic  anhydride,  acetic  and  caproic  acids,  are  formed.  The  butyric 
femesDtation  is  in  fact  the  advanced  stage  of  the  lactic  acid  fer- 
fficotation.     Thus  :— 

2C,Hfi03    —      C^HgOs      -f-  2C0g  +       SH^. 

Ldtiiic  acid    ^    Butyric  acid     H|-     Carbooic  anhydride      -J-     Hydro^a. 
active  agent  of  the  butyric  fermentation  ie  believed  to  be  the 
o«   as    that   of     the    lactic    fermentation,    viz,,   the    pmmUium 

,if)  The  Mucous  or  Viscous  Fenuentatiou,  ».^.,  a  fermentation 

zed  by  the  formation  of  gummy  matters.     This  results  from 

8i  action  of  certain  nitrogenous  substances  on  sugar,  a  gum  (arabin), 

..ifiaimite  (OfjlIi^Og')  a  non-crystnllizable  sugar,  and  lactic  acid,  forming 

I  products.     This  fermentation  commonly  results  in  fermenting  the 

J  of  the  sugar  beet.    It  sometimes  occurs  in  sweet  wlate  wines  that 

ffe  been  kept  too  long,  the  action  being  capable  of  arrest  by  the 

ttion  of  a  little  alum  or  sulphurous  acid  to  the  wine.     It  does  not 

in  red  wines,  the  astringent  matter  derived  from  the   grape 

UK  preventing  them  from  becoming  **  ropy," 

^'•)  The  Acetous  Fermentation,  *'^-i  a  fermentation  characterized 
bj  the  formation  of  acetic  acid. 
Hiis  results  from  the  action  of  the  acetous  ferment,  (the  mi^codirma 
i,)  on  alcohol.  The  action  does  not  take  place  with  pure  alcohol, 
then  the  alcohol  is  simply  mixed  with  water,  its  admixture  with 
» changeable  organic  substance  being  an  esBential  condition. 


Water, 


Akobol  +  Oxygen  ^  Acetic  acid  4- 
This  action,  however,  can  scarcely  be  considered  fermentation,  but 
Jtinjply  a  process  of  oxidation  (decay),  the  mycoderm  acting  (1)  as 
la  carrier  of  oxygen  to  the  alcohol,  and  (2)  as  the  means  of  bringing 
■the  oxygen  and  the  alcohol  into  actual  contact.  This  action  is  analo- 
[>iia  to  that  which  occurs  in  the  oxidation  of  alookol  to  tkH^^i^^^ 
'  md  t<i  acetic  ad^/  by  spongy  phtiuum^ 


Tlie  aetlye  agent,  as  we  have  said,  of  i3na  change  is  tlie  mt^coderma 
aceii, 

Thua  it  would  appear  that  elementEU'y  plants  have  the  powerl 
of  breaking  up  organic  bodlea,  each  little  organism  having  its  ownl 
special  soil  on  which  to  work,  the  products  formed,  being  dependeot  J 
both  OD  the  organism  and  on  the  soil. 


(20  The  Conditions  Necessary  to  Produce  Fermentation. 

(q).  The  presence  of  a  ferment ;  that  is  of  a  nitrogenous  albuminoua 
body  in  a  state  of  active  deeompoaition,  Ulustrationa  of  ferments 
found  in  Emuhin^  the  active  agent  of  the  hitter  almond  in  convertiog 
the  amygdaiin  into  hydrocyanic  acid,  &c. ;  in  Myritstn,  a  ferment-like 
substance  present  in  the  seeds  of  the  blaok  and  white  mustard,  which 
converts  the  myron&te  of  potassium  into  the  oil  of  mustard  (C3H5CNS) 
together  with  glucose  and  hydric  potaesic  sulphate ;  in  Dtastaae, 
body  found  in  malt,  saliva,  &c.,  and  by  the  action  of  which  startli  is! 
converted  into  glucose ;  in  Casein^  which  in  milk  induces  lactic  add 
fermentation  of  the  sugar;  and»  amongst  many  other  illustrations 
that  might  be  quoted,  in  Yenst,  which  is  the  ordinary  ferment  employed 
for  setting  up  alcoholic  fermentation. 

This  last  ferment,  the  ordinary  beer  yeast,  has  been  spedall/ 
fitudied.  When  the  yeast  is  merely  dried  at  a  low  temperature^ 
{forming  what  is  called  **  dried  yoaet/')  its  power  as  a  ferment  if 
impaired,  but  if  the  yeast  be  boiled  in  water  it  is  then  completely 
destaoyed.  **  German  dried  yeast/'  consists  of  the  dried  ye«*t 
/jells  produced  in  the  fermentation  of  rye  for  making  Hollands. 

Yeast,    however,    is   a   complicated   ferment.     It  consists  of 
kinds  of  ceJJs,  (I)  large  round  granular  cells  (torula  cerevisisB), 
(2)   certain  oval-sbaped  cell§   of    a  much  smaller  sixe    (penicillin^ 
glaucum).    If  the  yeast  be  mixed  with  water,  and  then  filtered  through 
paper,  the  smaller  cells  pass  through  with  the  water^  leaving  th^ 
larger  cells  on   the   filter   paper.     It   is   found  that   the   large  ctl^ 
generate  vinous,  and  ihe  fifna/i  ceiU  lactic  fermentation,  when  they  ^^ 
added  respectively  to  a  solution  of  sugar. 

"When  yeast  is  added  to  a  solution  of  pure  mfffar  it  sets  up  fennentu' 
tion,  but  the  yeast-cells  are  for  the  most  part  destroyed  as  ferment ati'^'* 
proceeds.  A  few  fresh  yeaat^cells  may  he  formed,  but  if  so,  it  is  at  tb^ 
expense  of  the  materials  piroduced  by  the  disintegration  of  other  ye«^  ' 
cpl^.  Hence,  a  given  quantity  of  yeast  can  only  convert  a  limit^ 
quantity  of  pure  sugar  into  alcohol  When  the  yeast  is  added  W* 
fifjfution  of  sugar ^  the  solution  also  containing  nitrogen  in  some  forti* 
or  another,  and  phosphatesj  it  tben  not  only  ferments  the  sugar,  bn^ 
propagates  itself*  Under  such  circumstances  the  addition  of  a  little 
yeastf  owing  to  ita  rapid  growth,  will  convert  an  almost  unlimited 
amount  of  sugar  into  a\eoho\.    IWa  t\i.^  ^x^^fe\k!c*i  oil  idtco^n  AO(taH 
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|»ko«plioni8,   in  a  combined  fonn,   are  easential  conditioES  for  the 
growth  and  propagation  of  yeast-cells.* 

In  the  ease  of  grape-juice  no  ferment  need  be  added,  as,  after  ex- 
posure to  the  air  for  an  hour,  or  even  less,  the  vegetable  albnmen  in 
ttie  juice  undergoes  decay  by  oxidation,  and  aote  as  a  ferment  to  the 

It  has  been  suggested  that  certain  miasmas  act  as  blood-ferments, 
and  induce  the  diseases  ordinarily  known  as  zymotic  (fw^jj,  ferment) 

{ferment- diseases. 
Wo  have  remarked  that  all  ferments  contain  nitrogen.  Nitrogen 
an  element  remarkable  for  rendering  the  bodies  in  which  it  occurs 
stable.  The  chemical  relationships  of  nitrogen  are  worthy  of  note ; 
it  stands  mid-way  in  the  chemical  scale  between  metals  and  metalloids, 
without  any  great  affinity  for  either  the  one  or  the  other.  It  combinee 
both  with  oxygen  and  with  hj^drogen  ( and  indeed  with  most  bodies), 
Irat  its  direct  union  is  not  easily  effected.  Hence,  its  attractions 
b^ing  equally  powerful  in  opposite  directions,  great  instability 
inTftriably  characterizes  the  compounds  in  which  it  is  present. 

(fi,)  A  bodij  to  ferment.  The  sugars  (glucoses)  are,  par  excellence^ 
the  bodies  peculiarly  liable  to  ferment.  If  yeast  be  added  to  a  solu- 
lion  of  gum  no  action  will  be  apparent,  nor  will  the  yeast  itself  bo 
propagated.  The  action  of  yeast,  however^  is  not  confined  to  sugar; 
for  if  it  be  added  to  a  solution  of  malic  acid,  succinic,  acetic  and 
carbonic  acids  are  formed,  although  it  is  to  be  remarked  that  in  this 
csae  the  yeast  itself  does  not  propagate. 

(y,)  The  oftnal  contact  of  the  ferment  and  thf  bodfi  to  be  fermented. — 

TLe  necessity  for  actual  contact  was  proved  by  Mitscherlich  as  follows ; 

A  glass  tube,  the  buttom  of  which  consisted  merely  of  a  piece  of  fine 

filter-paper,    was  partially  immersed  in   a  solution  of  sugar.     The 

wltttion  rapidly  penetrated  the  pores  of  the  paper,  and  filled  the  tube 

oto  the  level  of  the  external  liquid.     A  small  quantity  of  yeast  was 

Ben  added  to  the  liquid  m  the  tube^  when  the  solution  coBtaieed  in  the 

^U,  after  a  short  time,  commenced  fermenting,  but  there  were  no 

wgns  of  fermentation  in  the  solution  exteraal  to  the  tube,   the  piece 

of  bibulous  paper  stopping  the  actual  contact  of  the  yeast-cells  with 

ti«  eitemal  fluid   by  stopping  the  passage  of  the  yeast  globules, 

hough  it  did  not  interfere  with  the  intercommunication  of  the  liquids^ 

{I.)  A    certain  temperature.     At  32°  F.  (0^  C.)  fermentation   is  ar- 

From  32^^  F.  to  68^  F,  {0"^  0.  to  ^O""  C.)  it  gradually  increases 

intensity  with  the  rise  of  temperature.     From  68*^  F.  to  104^  F. 

'C,  to  40°  0.)  it  is  most  active.     At  120«F,  (4&^0.)  the  process  ia 

m  ©topped.     Hence  certain  times  of  the  year  are  preferable  for 

firing  (especially  the  autumn),   the  temperature    at   such  times 

:  within  the  proper  limits. 

Y«ast  yielda  &om  6  to  8  per  cest,  of  Anhf  whioh  conaiiU  QTi^te\^  oi  nWuCim^  nxA 
ill/ phoQ>liil09.    (MitwterUcb), 
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{{,)  71ie  prtsmce.  of  mohhtre.     Water  is  neoessaty  to  bring  the 
particles  into  contact.     Dry  yoaat  and  dry  sugar  cannot  ferment* 

Wo  may  note,  lastly,  that  the  presence  of  air  is  not  neoessary  foj 
fermentation,  provided  the  previous  conditions  be  ful£Iled. 

It  has  nevertheleBS  been  proved  by  Pasteur,  that  the  action  of  the 
air  in  the  process  of  fermentation  is  not  to  be  disregarded.  For  i; 
may  act  either  (1)  as  a  carrier  of  the  ferment  germs,  or  (2)  as  ai 
oxidiser^  inducing  the  decay  of  certain  nitrogenous  bodies  present  ii 
a  solution,  thereby  rendering  them  capable  of  acting  as  ferments, 

(1.)  If  a  solution  of  aiigar,  no  yeast  having  been  added,  be  exposed 
to  the  atmosphere,  it  becomes  loaded  before  long  with  the  lower  fonoB 
of  organic  lil'e,  and  the  solution  begins  to  ferment,  I^  however,  the  air 
before  being  allowed  to  come  into  contact  with  the  sugar  solution,  be 
passed  either  through  a  red-hot  tube,  or  through  a  tube  containing 
cotton-wool  (care  being  taken  that  the  saccharine  Hquid  itaeK  haa 
been  absolutely  freed  from  germs  by  previous  boiling),  no  fermenta- 
tion will  occur ;  but  if  the  dust  strained  from  the  air  by  the  cotton- 
wool be  placed  in  the  solution,  rapid  decomposition  of  the  sugar 
results. 

Hence  Pasteur  concludes  that  the  air  may  act  as  the  carrier  of  the 
seeds  necessary  to  start  fermentation  in  a  solution  disposed  to  ferment 

(2.)  In  the  case  of  wine  juice,  which  ferments  spontaneously,  the 
air  is  supposed  to  oxidise  the  vegetable  albumen,  which  in  a  decsoDH 
posed  state  is  capable  of  acting  as  a  ferment  on  the  sugar* 


(3.)  The  Circxinistances  Influencing  Fermentation, 

The  following  clrcumaiances  prevent  fermentation ; — 

(a.)  The  presence  either  of  an  ewcess  of  strong  mimral  addSf  or  ^i\ 
trace  of  free  alkalu 

{fi.)  The  presence  of  certain  salts  in  the  solution,  such  as  the  sulphite«f  ] 
NaCl,  AgNO^,  CuSO^,  etc. 

(y,)  The  presence  of  certain  alkaloidSf  such  as  strychnia,  quinia,  ^ 
These  do  not>  however,  stop  fermentation,  if  added  after  the  pro 
has  commenced. 

(S.)  I'he  presence  of  certain  essential  oils,  such  as  kreasote,  turpentiflCi 
etc* 

(e.)  A  solution  containirt^  more  than  one-fourth  its  weight  ofmtgar.  The 
strength  of  the  sugar  solution  is  important.  If  it  he  too  etronSi 
fermentation  is  arrested,  or  rendered  imperfect ;  if  it  be  too  tceak^  thtj 
action  is  slow  and  irregular. 

(Z.)  A  solution  f'OfUaining  more  than  20  per  cent,  ofalcohoL     Hence  nO 
fermented  liquor  can  contain  more  than  20  per  cent,  of  alcohol  nata-j 
rally.     Anything  in  excess  of  this  is  evideoce  that  spirit  has  beeal 
added  (fortification)  after  the  fermentation  of  the  liquid  was  csom- 
plete. 


^^^^^^^"  FEEMENTATIOJT.  4ftll 

"Fermentation  is  iufluenced  by  many  other  causes.     Thus — 
(L)    The  produi'ts  formed  at   different   temperaturts   vtm/,      Thus^    if 
feast  be  made  to  act  at  a  temperature  of  TO'^F,  (2l'l°C\)  on  malio 

Id,  it  forms  amongst  other  things  suocinic  acid,  whilst  at  a  higher 
iperature  it  yields  butyric  acid. 

1(2.)  Th^i  alteration  of  presmre.  Fermentation  is  not  stopped  by 
cing  the  solution  in  a  vacuum^  but  it  is  stated  that  under  such 
Diimstances  the   ratio  of  the   alcohol   to   the  carbonic  anhydride 

rmed^  is  different  to  that  which  occurs  under  ordinary  atmospheric 
lire,  the  CO^  as  well  as  the  hydrogen,  aoetic  acid,  etc.,  becoming 
l>portionately  greater.     (H,  Brown,) 

(4.)  The  Theories  to  Account  for  Fermentation. 

I'W©  may  note,  First,  that  the  ferment  is  destroyed  during  the  fer- 
pntative  process,  the  propagation  and  growth  of  new  buds  being 
le,  partly  to  the  disintegrated  cells  that  have  done  their  work,  but 
piTQcipally  to  the  nitrogenized  matters  and  phosphates  present  in 
the  enlution.  Secondly :  that  during  the  disintegration  of  the  ferment 
cells,  the  body  undergoing  fermeatation  breaks  up  into  simpler 
groups. 

These  being   admitted  facts,  we  may  now  notice   the  theories  to 
accwunt  for  the  action  of  the  ferment. 

1.  BtruliuB  explained  it  by  the  influence  of  a  force  which  he  called 
^Qliii^dSf   a  word  signifying  Fermentation.     He  thus  assumed  the 

iftt^nee  of  a  new  force,  but  at  the   same  time  acknowledged  in- 
his  inability  to  perceive,  or  to  detect  the  force,  and  the  im- 
bility  of  explaining  its  action, 

2.  Pa*^fettr*8  theory  is  as  follows.  The  ferment,  he  considers,  grows 
fid  multiplies  at  the  expense  of  the  sugar.  This  act  of  the  ferment 
I  wiilidrawing  from  the  sugar  a  portion  of  its  constituent  matter,  he 

L  as  essential  to  the  process  of  fermenlation,  and  the  primary 

i  of  the  sugar  itself  breaking  up  into  simpler  groups, 

[8.  Lithig  admits  that  the  ferment  may  multiply  at  the  expense  of 

^  lugar,  but  at  the  same  time  refuses  to  admit  that  the  withdrawal 

ftke  matter  from  the  sugar  necessarj^  for  the  propagation  of  the 

mtodla,  is  the  cause  of  the  phenomena  of  fermentation.     He  con- 

H«r«  that  fermentation  is  due  to  the  active  state  of  change  going 

i  Ttithin  the  yeast  cell^  being  communicated  to  the  sugar  in  actual 

Moi'twith  it,  thereby  inducing  in  the  sugar  the  breaking  up  process 

tkai  the  yeast  cell  itself  is  undergoing ;  in  other  words,  that  the  dia- 

ttuhance  going  on  in  the  yeast  is  mechanically  communicated  to  the 

Wgar.  thereby  effectiDg  its  breaking  up  and  re-arrangement    Hence, 

|Acwrding  to  Liebig^  if  the  3? east  grows  at  the  expense  of  the  sugar,  it 

I  merely  to  maintain  a  supply  of  the  material  necessary  to  Ve^'^  iV  m 

Dntinuous  &tat^  of  disturbance. 
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This  theory  is  not  unphilosopMcal  although  it  is  theoretical.  That 
one  body  in  motion  may  cominimicate  its  motion  to  another  body  not  in 
motion,  thereby  overturning  the  existing  equilibrium  of  that  body,  is 
a  phenomenon  of  constant  occurrence* 


(5,)  The  Practical  Applications  of  the  Process  of  PermentatioiL 

(a.)  Aleoh&tic  Fermentation,  (1.)  Wtne-nKikiiig,  The  expressed  grape- 
juice  (the  must)  is  first  of  all  freely  exposed  to  the  air.  The  air 
decomposes  the  vegetable  albumen  of  the  juice,  and  this  at  once  acti 
as  a  ferment  oq  the  grape  sugar.  If  the  sugar  be  in  excess  and 
albumen  defieientj  we  obtain  a  sweet  wine;  if  the  sugar  be  deficient,  ai 
the  albumen  in  excess,  a  dry  wijie  results.  Buring  fermentation,  nr 
(at'id  potaasic  tartrate)  is  deposited,  owing  to  its  insolubility  in  dill 
spirit-  This  circumstance  constitutes  the  superiority  of  the 
over  all  other  fruits  for  wine-making — the  separation  of  the  acids 
other  fruits,  such  as  of  gooseberries  and  currants  (viz,»  malic  and  cil 
acids)  not  being  effected  during  fermentation,  and  their  taste  com 
quently  requiring  to  bo  masked  by  the  addition  of  an  excess 
sugar. 

The  colour  of  red  wines  is  derived  from  the  grape  skins.     Effe 
vescent  wines  are  bottled  before  fermentation  ia  complete* 

(2.)  In  brewing — the  barley  has  first  to  be  malted.  Malting  C03 
in  setting  up  germination,  by  the  combined  action  of  air,  heat, 
moisture  on  the  seed,  and  then  stopping  germination  by  drying  the 
at  140^  F.  (C0°  C).  The  object  of  this  is  to  convert  (by  oxidntion) 
gluten  of  the  seed  into  Diastase  {hatnuat^  decomposition)  a  p 
ferment-like  body  which  has  the  power  of  chauging  the  inmli 
starch  of  the  seed  first  into  dextrin,  and  finally  into  solubh  graj 
sugar.  In  nature,  this  process  is  necessary  in  order  to  supply  i\ 
germ  with  its  first  food,  which  must  be  presented  to  it 
a  soluble  form.  The  malt  is  then  bruised,  treated  with  water,  in^ 
the  liquid  set  aside  for  some  time — any  unconverted  starch  in 
malt  being  thus  brought  into  contact  with  the  diastase,  and  its  comple 
conversion  into  sugar  effected.  One  part  of  diastase  will  conv< 
2,000  parts  of  starch  into  grape  sugar,  but  the  power  of  the  diastaa® 
is  itself  exhausted  during  the  process.  The  malt-mash  is  no^ 
strained,  the  clear  liquor  constituting  what  is  called  **the  wort,"  an** 
the  undissolved  portion  **  brewer's  grains."  The  clear  liquor  is  no^ 
boiled  with  hops,  the  bitter  resinous  principle  of  which  (lupuline)  n(J^ 
only  gives  flavour  to  the  beer,  but  prevents  it  undergoing  acetoii* 
fermentation.  It  is  finally  mixed  with  yeast,  when  the  beer  **  works, 
that  Is  '*  ferments/'  the  sugar  splitting  up  into  alcohol  and  carbooi^ 
acid. 

T/i6  malt  used  in  the  mauuiacture  of  porter  is  partially  oaramelii^ 
or  **liigh  dried/* 


FKEiTEirrATlON- 

(3.)  In  spirit-ma hng^  the  distiller  prepares  a  wort  or  "washf^^  like  the 
rewer,  with  this  exception,  that  he  mixes  4  parte  of  unmalted  with  I 
urt  of  malted  grain,  the  diastase  of  the  latter  heing  suificieot  to 
invert  the  whole  of  the  starch  of  the  former  into  sugar.  Thus,  much 
f  the  labour  and  expense  of  malting  is  avoided.  Moreover  the 
istiller  has  no  need  to  add  hops  to  bis  wort,  nor  to  consider  the 
etails  of  fermentatioD  aa  the  brewer  is  compelled  to  do,  except  that 
t  ehould  be  aa  complete  aa  possible,  A  large  quantity  of  spirit  is 
prepared  from  potatoes  and  also  from  corn,  the  starch  of  which 
aay  be  converted  into  sugar  by  admixture  with  a  little  malt.  In 
loth  oases,  however,  a  small  quantity  of  a  very  acrid  oil  (fusel  oil) 
^companies  the  ethylic  alcohol,  and  this  it  is  the  duty  of  tbe  rectifier 
o  separate  by  careful  distillation,  the  fusel  oil  being  less  volatile 
lian  the  alcohol. 

(i.)  In  hreaii-makirtgy  a  little  yeast  is  mixed  wifch  the  dowgh^  the 
object  being  to  render  the  bread  light  and  spongy.  The  sugar  of  the 
lour  ferments,  generates  carbonic  anhydride,  wliioh  causes  the  broad 
o  **  rise,'*  the  spirit  formed  during  **  the  working,"  escaping  when 
he  bread  is  baked, 

Ammonic  carbonate,  sodic  carbonate  and  hydrochloric  acid,  and 
lastly  a  stream  of  pure  carbonic  acid  ( Dauglish),  have  been  suggested 
^  bread-making  in  the  place  of  yeasts  In  ancient  days,  a  piece  of 
lough  in  a  state  of  incipient  putrefaction  (leaven)  was  used  as  a 
Eerment^  respecting  which  it  was  known  that  '*  a  little  leaven  leaven« 
bb  the  whole  lump.*' 

Wifi*)  The  lactic  fermentation. — This  is  seen  in  the  ordinary  decomposi- 
tioa  of  milk  into  curds  and  whey.  Koumiei  im  fermented  mare's  milk. 
It  is  a  spirituous  liquor. 

{y,)  Theacttoutjermentation, — Illustrations  of  ''acetiEcation"  maybe 
SOtioed  in  beer  turning  sour,  the  acidity  of  which  is  due  to  acetic  acid  ; 
ttid  also  in  what  is  called  the  '*  quick  vinegar  process."  This  latter 
«0iijuatj  in  allowing  a  heated  mixture  of  alcohol  and  yeast  (the  yeast 
b«mg  added  to  supply  the  necessary  nitrogenous  matter)  to  trickle 
II  ov«r  wood  shavings  soaked  in  vinegar,  the  wood  shavings  serving  aa 
P<imt»of  attachment  for  the  mycoderm.  It  is  essentiaj  that  the  sujiply 
«^  &ix  be  very  free.  If  the  supply  of  air  be  limited ,  aldehyde  is  formed, 
iJid  much  loss  of  vinegar  results  : — 

c^n/>    +       0       =     an^o     +     h,o. 

Alcohol        -h         Oxygen        =        Aldehyde        +        Water. 
it  if  the  supply  of  air  be  free,  aldehyde  is  not  farmed,  or  if  it  be 
is  immediately  oxidised  : — 

Alcohol        -f        Oxygen        =s      Acetic  acid      +        Water. 
/WucA   mm-vineffor  is  prepared  from   light  wines,  b^f   ^x^X 
g  tli6m  with  a  Utile  boiling  vinegar,  and  theu   uXlo^mig  ^Sa» 
t&iiture  ta  trickle  over  wood  shavings  into  casks. 
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The  English  malt  vinegar  is  prepared  from  an  infusion  of  n 
^i^liit'h  is  allowed  to  undergo  both,  the  alcoholic  and  the  acetous 
mentation  Commercial  vinegar  may  by  law  contain  the  thousandth 
part  of  its  Tolume  of  Bulphuric  acid,  for  the  purpose  of  preventing  its 
turning  mouldy, 

n.  PUTRErACTIOlT. 

Definition. — A  spontaneous  change  common  to  all  nitrogenised 
organic  bodies  when  exposed  to  the  air,  whereby  they  are  resolved 
into  new  and  simpler  products.  The  action  is  aooompanied  by  the 
evolution  of  unpleasant  gasesi  which  are  for  the  most  part  compounds 
of  sulphur  and  phosphorus. 

It  dtfftrsfrom  firmentait&Uf  in  that  unpleasant  products  are  evolved, 
as,  e.g,,  in  the  decomposition  of  a  dead  body.  Moreover,  a  putrescible 
body  is  always  a  nitrogenised  body,  which  at  a  certain  temperature 
in  contact  with  air  and  moisture,  decomposes,  and  then  becomes 
capable  of  acting  as  a  ferment. 

It  differs  from  eremacausU  or  deca^  in  that  it  is  not  oxidation^  although 
air  is  necessary  ia  the  first  instance  to  start  the  action.  Modem  ia* 
vestigations  lead  us  to  believe  that  the  air  may  be  the  carrier^of  sporea 
or  ova^  having  the  power  of  inducing  the  change.  This  is  assumed 
because  a  body  liable  to  putrefaction,  does  not  putrefy  if  it  be  boiled 
in  a  flask,  and  when  boiling,  the  neck  of  the  flask  plugged  with  cottoa- 
wool.  Nevertheless,  we  see  a  rehtionship  between  ereniatniais,  putrefnC' 
Hon  and  fermentation.  Putrefaction  is  commenced,  like  decay  ot 
eremacausis,  by  the  action  of  the  air,  whilst  the  putrescent  bodjr  i» 
capable  of  inducing  fermentation  in  fermentable  solutions,  MoreoTer, 
like  fermentation,  putrefaction  is  always  accompanied  by  the  develop*, 
meat  of  certain  minute  living  organisms,  fungi  and  infusoria. 


(1.)  The  Conditions  Necessary  for  Putrefaction, 

(a.)  Air. — The  presence  of  air  ia  essential  only  at  the  commencemeot] 
of  the  process,  and  not  when  putrefaction  has  fairly  commenced.    It* 
progress   is  then  independent   of  any  aid  external  to  itself*     Thu 
firuits  and  meats  are  preserved  in  sealed  air-tight  tins. 

(P,)  Moisture, — A    perfectly  dry   body   does   not   putrefy.      Tlm*^ 
vegetables  when   perfectly  dry  may  be  preserved  for  a  considerable 
time  (Mas8on*8  patent).     The  preservative  action  of  sugar  and  ssl^i 
has  been  ascribed  by  some  to  their  attraction  for  moisture,  and  ttfi 
power  of  withdrawing  it  from  the  putrescible  body. 

(y.)    A   ttmperature   between    40'-' anri  200^  R    (4  5^   and   93*5^C.).| 
Cold  prevents  putrefaction  by  increasing  cohesion.     Thus  fish  are  I 
preserved  in  ice.     Tho  stories  of  bodies  of  men  and  animals  havia? 
been  preserved  in  the  ice  of  polar  regions  for  many  years  are  numherleW. 
Warmth  destroys  cohesion,  and  thus  aids  putrefaction,  whilst  too 
groat  a  heat  destroys  th©ljo4y  \rj  \iuiiim^\VuT^, 
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(2*)  Means  of  Preventing  Putrefaction*  " 

By  tKe  general  term  '*  disinfectant "   we  include   anflsoptics   find 

orizers.  i 

An  antisepth*  is  an  a^ont  that  prevents  putrefaction,  and  entirely 
Dps  the  evolution  of  ofTeuaivG  gases. 

deodorizer  is  an  agent  that  either  ah  sorbs  or  deatrojft  the  offensive 
after  they  are  formed^  but  does  not  prevent  their  farmation^ — 
:  other  words^  does  not  prevent  putrefaction. 

Diainfectant«  are  of  two  kinda — natural  and  ariifidal.  M 

1.   Nttiural  disinfectants —  " 

(a-)  The  Atmosphere.    This   acts  both  mechanically   by  its  power 
removing  foul  vapors  and  other  matters,  and  chemically  by  effecting      ■ 
leir  oxidation.  f 

(/3.)  Water,  Its  action  is  chiefly  mechanical.  In  a  river,  during  ita  flow, 
organic  matter  becomes  disintegrated,  and  rapid  self- purification 
ult6»      Every  shower  of  rain  purifies  the  air.     Besides  its  cleansing 
wers,  by  r€>ason  of  its  endosmio  action,  water  is  inimical  to  the 
fcrpnsculdr  structures  of  many  specifio  contagia,  for,  by  bursting  their 

Idike  envelopes,  it  destroys  their  vitality.  ■ 

\{y)  Soil.   The   power   of   soil   is    manifested   in  our  graveyards, 
ing  to  its  porosity  it  effects  the  oxiilation  of  decomposing  matter, 
the  presence  of  alkalies,  ammonia  is  rapidly  oxidized  to  water  and 
nitric  acid,  whilst  the  ferric  oxide  present  acts  as  a  purveyor  of      _ 
ospheric  oxygen,  ■ 

|(^.)  Lifjht, 

(r.)  JJmt  and  Cold.  Yaccine  matter  loses  its  power  at  140^  F. 
a),  and  the  virus  of  scarlet  fever  at  204^^  F.  (95-5^  C).  The  i 
mon  vibrio  is  destroyed  at  300^  F.  (149^  C),  and  the  black  vibrio  ■ 
400''  F.  (204-5^  C, ).  Others  assert  that  none  of  the  lower  organisms 
11  bear  a  temperature  of  266"  F.  (130^  C)  in  air,  or  of  230°  F, 
10°  C.)  in  water,  [Note.  A  heat  of  250^  F.  (121°  C),  aided  by  a 
of  steam,  may  be  safely  used  in  disinfecting  textile  fabrics.]  ■ 

2^  Ariificttil  dmnfectanti, 

(a*)  Mineral   acids^  such  as  sulphurous,   nitric,  hydrochloric,  aul- 
uric,  and  chromic  acids.     In  this  order,  they  have  the  power  of 
pping  the  development  of  infusoria  in  organic  solutions,  sulphurous      ■ 
d  being  the  least,  and  chromic  acid  the  most  powerful.  I 

Ol.)  Organic  acids^  such  as  carbolic,  cresylic,  acetic,  picric,  benzoic 
ids ;  benzoic  being  the  most  powerful,  and  acetic  tho  least  so, 
(y.)    Alkalies,  Lime,  potash,   soda,  and   ammonia  are  only  active 
tinfeetaota  when  they  are  used  in  a  ooncentrated  form.     The  use  of 
^ci©  in  stables  is  for  the  purpose  of  assisting  the  oxidation  of  the 
*c   matter.      Added  to   sewage   it   kills   infusorift.  aii^i  «^«^:^£& 
poeition. 
The  /miotfis.  Iodine  acta  as  a  mild  didnfeetant,   tcni  Oo\ot\Xi» 
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as  a  powerful  one  ;  chloride  of  aoda  {**  Labatraque's  Liquid")  ; 
ride  of  zinc  ('*Sir  Wm.  Burnett's  Fluid"),  the  action  of  which  is 
due  to  its  power  of  coagulating^  albumen  and  of  absorbing  ammonia  an^ 
sulphuretted  hydrogen,  chloride  of  aluminium  (**  chloraluni'*),  which 
is  neither  an  aerial  disinfectant,  nor  has  it  the  slightest  deodorising 
power,  and  common  salt  and  otiier  chlorides  are  also  frequently  used. 

(t.)  Minef^al  ^^ulphates.  Sulphates  of  zinc,  of  iron  (**Miidie's  Dts- 
infectant'*),  of  alumina  and  of  copper  act  as  disinfectants,  owing  to 
their  power  of  coagulating  and  destroying  living  organisma,  ani 
neutralizing  otifensiye  miasma, 

(J.)  Potassic  Permamjanate    and    CMorotone, — Those    destroy 
organic  matter,  but  have  very  little  action,  so  far  aa  we  know, 
thing  organic  matter* 

(fy.)  Volaiik  Oils. — Camphor,  turpentine,  etc.  These  hinder 
development  of  fungi  and  animalculeB,  and  generate  ozone  (?) 
was  believed  in  former  times  that  the  planting  aromatic  herbs  al 
a  house  warded  off  pestilence 

(fl.)  Charcoal  and  other  porous  bodies, — The  action  of  such  bodies 
due  to  their  power  of  absorbing  noxioES  gases,  and  so  bringing 
into  contact  with  condensed  atmospheric  oxygen,  thereby  effecting 
deetruction.     But  it  must  be  remembered  that  it  is  essential  for 
action  of  charcoal,  that  there  should  be  a  free  supply  of  atmospheric 

Note,  as  regards  disinfect  ants,  the  follownng  practical  hints : — ■ 

1.  Certain  disinfectants,   sMch   as  chlorine,  chloride  of  lime, 
phuroua  acid,  carbolic  acid,  and  volatile  oils,  are  atrial  disinfec' 
and  may  be  used  for  the  purification  of  air ;  whilst  others,  such 
chloral um,  permanganate  of  potash,  chlorozone,  the  mineral  sulph 
chloride  of  zinc,  etc.,  are  useless  for  the  purpose  of  purifying  the 
of  a  sick  room,  inasmuch  as  they  are  not  volatile. 

2.  Neither  chlorine,  hyijochlorous  acid,  carbolic  acid,  or  suJphuroQi 
mcid  can  be  used  to  disinfect  a  chamber  when  a  person  is  living  in  i^ 
the  quantity  of  the  gas  required  to  effect  this  object  rendering  tb* 
atmosphere  absolutely  irrespirable.  Hence  perfect  disinfection 
only  possible  when  a  room  is  vacated.  The  combustion  of  1  ^  o«8. 
sulphur  to  every  100  cubic  feet  of  space  in  a  room,  is  necessary 
«ffect  complete  disinfection. 

3.  Chloride  of  zinc  and  strong  carbolic  acid  being  corrosive  bodied 
should  not  be  used  for  the  disinfection  of  textile  fabrics,  but  onlj 
for  such  purposes  as  the  disinfection  of  fsecal  matter,  etc, 

4.  In  disinfecting  clothing  at  the  sick  hmtsef  boil  the  articled 
water  and   thea  steep  them  in  a  solution,  of  carbolic  acid  {p^- 

1  gallon.)  To  disinfect  clothes  completely,  however,  they  mu^t  ^ 
©ubmitted  first  to  sulphurous  aoid,  and  then  to  a  temperature  f*^**  ^ 
least  6  hours  of  from  240^  to  250°  F,  (115-5'^  to  121^  C). 

5.  lo  disinfecting  stables,  cattle  lairs,  slaughter-houses,  etc 
ia  nothiag  better  than  Ume^  ou  Bjaco"^akl  ^>1  \\&  detergent,  as 

ite  disJnfecting  pxopertios 
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6.  In  the  troatraeBt  of  sewage,  lime  and  alumina  act  as  excellent 
Bfajcatory  and  precipitating  agents. 


m*  EBEMACAUSIS  (Sp^^oc  gentle,  icavtrtc  combustion)  Decai/. 

DefinitioiLi — The  decompoaition  of  moist  organic  bodies  by  oxidation 
ato  simpler  groups,  or,  in  other  words»  the  siotv  burning  of  organic 
lea.  This  action  is  unaccompanied  by  any  sensible  elevation  of 
perature.  It  is  seen  in  the  decat/  ofwoocl^  when  a  brown  powder 
in  or  humus)  is  left,  the  hydrogen  oxidizing  before  tbe 
rbon ;  also  iu  the  dtyiv^  of  oils,  the  solidification  being  attended 
rith  the  absorption  of  oxygon  (which  has  been  known  to  be  so  rapid 
mt  combustion  has  resulted) ;  also  in  ike  formation  of  acetic  add 
om  alcohol,  and  in  many  other  prooesses.  M 

(1.)  The  Conditions  Kecessary  for  Decay.  I 

fa.)  The  frei  aeau  of  atmospheric  air, — There  are  reasons  to  believe 
lat  the  active  agent  in  inducing  eremacausis  is  ozone  (see  page  62). 
Thus  bodies  are  found  to  be  specially  prone  to  decay  after  a  thunder- 

,  during  which  ozone  is  largely  developed.    Ozone,    however,   M 
accumulates  in  the  air,  but  is  used  up  as  fast  as  formed  to    ■ 
idize  organic  matter  and  vapours  of  organic  origin.     It  is  however 
than  probable  that  ordinary  oxygen  can  carry  on  the  process  of 
ay  when  once  the  action  has  been  started— although  it  must  be 
[lembered  that  the  development  of  ozone  itself^  is  a  consequence  or 
It  of  eremai'ausia,  the  decaying  body  furDiehing  the  active  agent 
Hooessary  for  its  further  destruction, 

(/?.)  Th^  presence  of  moistttre. — Perfect  dryness  suspends  decay,  as 
lit  does  fermentation  and  putrefaction.  A  body  which  is  incapable  of 
laW>rbiug  oxygen  when  ^j^  will  often  do  so  when  moiat  Thus  in  the 
'grass  bleaching**  of  calicoes,  where  oxidation  (eremacauBis)  only  is 
TeHed  upon  for  effecting  the  destruction  of  the  coloring  matters  (a 
part  of  the  cotton  itself  being  oxidized  at  the  same  time),  it  is  found 
to  be  essential  to  keep  the  fabrics  moistened  with  water. 

Thus  again,  in  the  formation  of  coal  and  peat,  the  presence  of 
^^ifiture  is  an  essential  condition. 

(yO  A  certain  temperature. — Cold  by  increasing  isohesion  interferea 
»itli  decay;  at  the  freeing  point  32"*  F.  (0*=*  C)  decay  is  arrested. 
Warmth  by  its  opposite  effect  promotes  decay. 

(2.)  The  Circumstances  Influencing  Eremacausis. 

'^  )  The  action  is  promoted  hj  wai-mth. 

0>.)  The  action  i>  promoted  bf/  the  presence  of  alkaiies.     Thus  in  the 
fonuation   of  nitres  the  oxidation  of  ammonia  takes  -gXae^  m  ^^ 
P^^aoe  of  a  powerful  base  {aei  page  274) ;  or  agam,  m  ^%ftm«A^^ 
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the  quantity  of  oxygen  present  in  a  mixed  gas,  ita  absorption  may  \)^ 
effected  by  a  mixture  of  pyrogallic  acid  and  potasaic  hydrate  {st 
page  98), 

(y.)  The  action  is  checked  by  c^tain  antmptic  ialti, 

{h.)  The  action  is  pi^onwUd  by  the  contact  of  an  eremacauifmg  iWjfJ 
Just  as  one  body  on  fire  is  capable  of  inflaming  a  body  not  on  fire^  sol 
a  body  undergoing  decay  can  by  contact,  produce  decay  in  a  substaneaj 
liable  to  it.  To  prevent  this  contact  oranges  are  packed  in  pap 
etc.,  etc. 

(f.)  The  action  is  promoted  by  the  presana  ofpormts  substances  mch  « 
chart  oai,  etc,,  whereby  the  oxygen  is  absorbed  and  oondensed>  and  i(i 
actual  contact  with  the  body  effected, 

(C)  Tlie  action  is  promoted  by  an  ercesa  of  ozene  in  the  atmosphe 
Buch  as  occurs  under  certain  atmospheric  conditions. 


(B.)  AETIFICIAL   DECOMPOSITION, 
I,  Action  of  Heat  on  Or^nic  Bodies. 

Heat  decomposes  aU  organic  viatter^  whereby  new  products 
the  products  of  destrtictive  (fistiilatioTi)  are  formed.    These,  on 
never  resolve  themselves  into  the  same  states  of  combination  in  whi< 
they  existed  originally  in  the  organic  body.     The  more  complicai 
the  organic  body,  the  more  easily  is  it  decomposed  by  heat. 

Heat  acts  on  tmny  inorganic  compounds ;  sometimes  these  produ< 
do  not  re-combine  on  cooling,  but  moat  often  the  action  of  the  heat 
reversed  by  cold.     For  example,  calcic  hydrate  by  heat  is  resold 
into  lime  (CaO)  and  water,  but  these  in  the  cold  combine  to 
calcic  hydrate, 

Heated  in  the  open  air^  some  organic  bodies  sublime,  as,  e.g.^  benzoic 
acid  ;  others  partially  decompose,  as  for  example  in  the  formation  of 
pyrogallic  acid  (CgH^O^)  and  carbonic  anhydride,  from  gallic  acid 
(CiH^Oj)  J  others  aimply  burn,  their  carbon  forming  carbonic  acid, 
and  their  hydrogen  water,  by  combining  either  with  their  own  oxygen 
or  with  the  oxygen  of  the  air. 

When  organic  bodies  are  heated  m  closed  vesseh^  the  procesa  ia 
known  as  **de8tnictive  distillation,"  Simpler  and  more  stable  oom* 
pounds  are  thus  formed,  and  a  residue  of  carbon  mixed  with  the  in- 
combustible ash  remains  in  the  retort. 

The  products  of  destructive  distillation  vary  with  the  body  operated 
on,  and  with  the  temperature  employed; — 

(I.)  This  may  be  noticed,  for  example,  in  the  distillation  ofnon*nitro» 
gmised  bodies,  mich  as  wood: — 

(a.)  At  (he  lowest  temperature,  compounds  are  given  off  contaiuuog 
much  oxygen,  such  as  water,  acetic  acid,  carbonic  anhydritle,  etc, 

(/3,)  At  a  higher  temperature^  the  compounds  evolved  contain  leas 
oxygeUf  such  as  carbonic  oxV^q^  ^ood  s^itit,  kreasote,  etc. 
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\)  At  a  bUU  higher  temperature^  various  hydrocarbons  distil  over, 
.  as  toluene,  xylene,  and  the  di£Eerent  forms  of  paraffin,  etc. ;  whilst 
.)  At  a  temperature  approaching  redness,  pure  hydrogen  pre- 
inatea. 

Products  of  the  Action  of  Heat  on  Coal 


POUNDS,  Etc. 


Fonnula. 


60 


M 

QQO 


nil 

O 


Boiling  point. 


Fusing 
point. 


'F. 


OAL  6A8. 

(Methane)..  .. 
u  (Ethene)..  .. 
(Ethine)     ..     .. 

odde 

rcL  liquid  hydro* 

carbon  disnlphide 
fd  hydrogcQ 

teid      

dlmtile  <nla  . .     . . 

DNiA  Water. 
carbonate    . .     . . 
sulphide      . .     . . 
cjanide 
lulphoeyanide 

OAL  Tail 

/  hydrocarbon*. 

Liquid. 

Solid. 

le 

) 

lm€  product$. 

d  pfoduet9. 

ad       

id        

d 

id        


CH. 

CO 

N 


CS. 
CO, 
NH3 


cX 
c^„ 


c"h' 


NH, 
C,H-N 
C,HJ^ 
C^,N 
C,H,N 


C,H,0 

C^H,0 

CaH„0, 

C,H,0, 


16 
28 
26 
1 
28 
14 


76 
34 
46 

17 


78 
92 


128 
178 
228 
202 


17 
93 
93 
129 
79 


94 
108 


60 


1-272 


0-85 
0*881 


1163 
1147 


102 
0-961 
1-081 
0-986 


1-066 


1-06 


0-669 

0-92 

0-0693 

0-973 


2-67 

1171 

1-624 


2-77 
0-87 
0-87 
0-85 


4-628 
6-741 


3-21 
3-29 
4-619 
2-92 


109-4 


177 
230 
284 


413-6 
680 


360 
271 
462 
242 


370 
397 


43 


80-6 
110 


212 
360 


182 
136 
239 
117 


187 


40 


174 
416 
4^0 
360 


96 


4-46 


79 
213 
232 
177 


35 


\ 


24^  \ui 


K  K 
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(2.)  In  the  eaet  of  niiro^enked  bodies ^  mek  as  coal,  a  part  of  tlie 
niti^gen  is  eyolyed  as  animoiiia  and  baaio  bodies  allied  to  it«  such 
as  aniline  (C^H^N),  quiiaoliiie,  pyridine,  etc.,  and  also  as  cyanogen ; 
whilst  a  part  remains  in  the  stillp  together  with  the  carbonaceous 
residue. 

It  will  be  conreeient  here  to  notice  the  products  of  the  destructive 
distillation  of  Coal  and  of  Wooil,  the  former  serving  as  an  illustration 
of  the  action  of  heat  on  a  uitrogenized  body,  and  the  latter  on  a  non- 
nitrogenized  body, 

(1,)  The  Products  of  the  Distillation  of  Coal  (or  other  nitrogeniijeii 

subatanteB), 

The  coal  is  distilled  in  retorts,  connected  with  which  are  iron 
delivery  pipes*  These  ascend  perpendicularly  for  a  fair  feet, 
and  then  curving  round,  dip  below  tlie  lit[uid  contents  of  a  large 
horizontal  pipe,  called  *'  the  hydraulic  main,"  which  acts  both  as  a 
water  valve,  and  also  as  a  receiver  for  the  delivery  pipes  from  nume- 
rous retorts.  This  pipe  receives  the  tar  and  the  gas  liquor,  throagi 
which  the  impure  gas  bubbles.  Thus  we  obtain  the  coke  in  the 
retort,  and  the  gaB,  the  gas- water,  and  the  coal  tar,  as  the  products 
of  the  distillation. 

1.  Coal  Gas* — [A  ton  of  coal  yields  from  9000  to  9500  cubic  fe( 
of  gas.] 

This  is,  aa  the  table  shows,  a  compound  of  a  variety  of  gases 
vapors.      The  relative  proportion  of    the  constituents  is  influx 
greatly    by   the  temperature    at  which    the  gas    is  prepared, 
heat  should  always   he  at    its  maximum    at  the   commencement 
the  operation,  (a. )  If  it  be  im  high,  the  heat  of  the  retort  decomposes 
marsh  and  ole6ant  gases  and  the  hydrocarbon  vapors,  carbon 
deposited  in  the  retort  (gas  carbon).     An  excess  of  hydrogen 
fore  escapes,  and  the  illuminating  power  of  the  gas  suffers  in  ooi 
quence.     Hence  the  use  of  e^rhmisierft  in  order  to  hasten  the  exit  of 
gas  from  the  retorts.     Moreover,  at  a  high  temperature  bisulphide  I 
carbon  is  formed,  the  complete  removal  of  which  from  the  gas  is 
tically  impossible.     (/5.}  If  the  heat  he  too  k^^,  the  gas  contai] 
great  an  excess  of  solid  and  liquid  hydrocarbons,  which  tend  to 
up  the  tubes.     These  facta  are  well  shown  in  a  table  (from  Blo] 
illustrating  the  composition  of  coal   gas   at  different  x>eriod8 
distillation. 


In  100  volumes. 


Olefiitnt  gas  and  vol  utile  hydrocarbooi 

MiLTsh  ptu 

Carbomc  oxide 

Hydrogen    , . 

NitTogeB 


lit  boor. 


5ih  liour. 


lOtlil 
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Tlie  increase  of  the  carbonic  oxide  at  the  fiftli  hour,  may  arise  from  the 
carbon  detjompotiing  the  H„0,  and  the  increase  of  the  nitrogen  from ' 
the  decomposition  of  the  ammonia  at  high  temperatures, 

''^     q^as  as  it  leaves  the  hydraulic  mnin  needs  jfitrtfication.     This  ia 

L  by  various  means : — 

( L)   The  Condmgeri  (or  refn^er^iortt)  consiat  of  a  series  of  bent  iron 

pipes  through  which  the  gas  is  made  to  travel.     By  thus  exposing  a 

large  surface  of  the  gas  to  the  air,  any  tar  and  ammonia  liquor  that 

^escapes  the  hydraulio  main,  oiring  to  the  gas  being  superheatadj  is 

adensed. 

(2.)  The  ScrtMer, — This  is  a  tower  filled  with  wet  coke.  By  this 
leans  the  removal  of  the  chief  part  of  the  ammonia  from  the  gaa  may 
[be  effected.  [The  evil  of  the  scrubber  is  that  it  diminiahea  thu  illumi* 
I  Dating  power  of  the  ga«,  by  removing  at  the  same  time  as  the  am- 
I  monia,  a  portion  of  the  more  condensable  hydrocarbons.] 

(3.)  Thg  Funfiem. — The  object  of  these  is  to  remove  the  carbonic 
b^ydride,  (which  is  said  to  decrease  the  illumiDating  power  of  the 
I,)    and  also   the  sulphuretted  hydrogen,  and   other  sulphur  im- 
Ipurities  in  the  gas,  of  which  0%  is  one. 

To  get  rid  of  carbonic  acid  and  sulphnretted  ht/drogm^  (and  also  of  the 
[aulphooyanogen,  cyanogen,  etc.,)  purifiers  are  constructed  containing 
[either — 

^a  )  LifnCf  a  carbonate  and  a  sulphide  of  lime  being  formed,  or, 
(j3.)  Oxide  of  iron  (Fe^Oj)  (mixed  w^ith  sawdust  to  prevent  cakiog), 
1i©  oxide  removes  sulphuretted  hydrogen  and  hydrocyanic  acid  only 
am  the  gas.     Thua,  FeA  +  3Hj8=2FeS  +  84-3H.,0.  I 

With  h)'drocyanic  acid,  Prussian  blue  or  some  similar  compound 
I  formed. 

The   great  advantage  of  oxide,  is  the  ease  with  which  the  iron 
i«u!phlde  can  be  again  converted  into  oxide  by  mere  exposure  to  air 
evi  vitied ),  no  nuisance  being  caused  by  the  operation.    The  oxide  may 
.  over  and  over  again,  the  sulphur  collectiag  in  the  mass  until 
lly,    after  repeated  revivificationa,    thB    percentage   of    sulphur 
^nt  renders  it  of  commercial  value  for  the  manufacture  of  oil  of 
riol  {see  page  152). 

To  get   rid   of  the   sulphur   impurities  other   than    sulphuretted 
ogen,  many  processes  have  been  suggested,  of  which  the  follow* 
are  the  most  important,  although  all  have  proved  more  or  less 
ftuceessful : — 

W)  Sulphide  of  lime^  the  evil  of  which  is  the  nuisance  occasioned 
''  ltd  use, 

OJ.)  liy  waehing  with  (he  ammoniacal  ligmr. 

ly )  Bff  iteam    at  a  hujh   tempernture,  whereby  CO^;  and  H^S   are 
**^^€*d,  both  of  which  aro  easily  removed  from  the  gas. 

r4rboiii<?        -i-         WmUt        =:        Carijonic         -f         Bu\phut«ltei 
dknfpbide  anhjdnde  h^dio^gbn* 
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+ 
+ 


2Caa        m 

Oaldc  ^M 

sulphide.  S 


NagCOa 

Sotlic 
carbouate 


+ 


(^0  Btf  Red-hot  lime, 

CSe  +       3CaO       =       CaCO^ 

Carbon  ie        H-  Lime  ^  Caltic 

diaulphide  carbonate 

(e,)  Bif  a  ioiuiwn  of  lead  oxkh  in  caustic  Boda. 

OS4      +  2PbO  +  2NaH0  =      2PbS      H- 

Carl>OTiio    -|-     Lead     +      Sodic      ^      Plumbic      + 
disulphido  oxidD  bydrnto  stilpbide 

Fin  ally  the  gaa  passes  to  the  gasometer, 

2*  The  Gas  Liquor. — ^From  this  liquor,  which  contains  numeron* 
ammoniacal  salts,  but  chie^y  the  carbonate,  sulphide,  cyanide  anil 
Bulpho -cyanide,  the  various  salts  of  ammonia  in  commerce  are  ob- 
tained, either  by  the  direct  action  of  acids  on  the  liquor,  or  by  settinj 
free  the  ammonia  by  ita  distillation  with  lime  (*e*j  page  31 1 ), 

3.  The  Coal  Tar* — This  is  distilled  in  iron  retorts. 

The  teir  contains  three  seta  of  products :  (a)  those  voianie  trt  n 
tempcrahire ;  {/9)  those  volatile  at  a  high  temperature^  (y)  thom 
volutiU  at  any  temperature, 

(a.)  Thme  vohtHe  at  a  low  temperature*— Th&i  which  in  the  first 
stance  distils  over  with  the  ateam  ia  called  li^ht  oilj  from  its  having 
less  specific  gravity  than,  and  consequently  floating  on,  the  condeoi 
water.     Every  100  parts  of  tar  should  yield  10  por  cent-  of  light 

The  light  oil  contains  benstene,  toluene,  xylene,  cymene,  etc., 
taminatcd  more  or  less  with  dead  oil*    The  light  oil  is  again  dis' 
the  distillate  forming  what  is  called  t-oal  naphtha^  a  quantity  of  heavy 
remaining  in  the  retort.     The  coal  naphtha  is  purified  by  shaking 
up,  first  with  sulphuric  acid,  whereby  basic  substances  are  remo^ 
then  with  a  dilute  solution  of  potash  to  separate  the  carbolic 
and  finally  with  water.     When  decanted   from  the  water  it  foi 
**  rectified    coal  naphtha,"     This  is  now   separated  into  its  varii 
conatituenta  by  fractional  distillation ; — 

to  82'2°C.)  it  yields  pure  benzene.] 
„    110^  a) 

„  113'^G)  „  „  toluene. 
„  145^  a)  „  „  xylene. 
„    172°  C.)        ,,        „     cymeme. 

Commercially,  however,  that  portion  which  distils  over  betw» 
175^  and  250^  F.  (79-5^  and  12M^  CI),  ia  deeignatod  and  sold 
benzol  or  benzene. 

()1)  Those  volatile  at  a  high  temperature. — This  constitutes  the  **  de*^ 
oil.**  It  is  also  called  *^  yellow  oil,'*  from  its  peculiar  color,  and  **lieav^ 
oO,"  from  its  being  heavier  than,  and  therefore  sinking  in^  water.  TI*n 
last  portions  that  diatil  over  become  nearly  solid  on  cooling.  Ever^ 
100  parts  of  tar  yield  about  25  per  cent,  of  dead  oU. 

Dood  oil  contains  carbolic  acid,  naphthaline,  anthracene, 
giijiioline,  etc. 


From  176^  to  180^  F. 

(79-4° 

,,     180^  „  230^  F, 

(82*2° 

„     230°  „  235°  F, 

(110° 

„     284^  „  293^  F. 

(140^ 

„     336°  „  342°  F. 

(168'9 
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Amongst  the  first  products  of  the  distiUation  of  dead  oil,  is  carbolic 
cid  (CsHgO),  the  principal  acid  product  of  the  oil.  It  comes  over 
fciieflj  between  300°  and  400°  F.  (149°  and  205°  C).  Upon  its  pre- 
9nce  depends  the  antiseptic  properties  of  the  dead  oil,  which  is 
iTgely  used  for  preventing  the  decay  of  wood. 

Amongst  the  last  products  of  the  distillation  is  anthracene  (Ci^H^o), 
body  of  great  commercial  value  in  the  manufacture  of  artificial  ali- 
arine.  The  first  portion  of  the  anthracene  that  distils  over,  is  mixed 
rith  naphthalene  (OioHg),  and  the  last  part  with  chrjsene  (CigHi^).  It 
B  purified  in  the  first  instance  by  re-distillation,  the  first  and  the 
ftst  portions  being  rejected.  The  intermediate  portion  is  purified  by 
xystallising  either  from  a  solution  in  alcohol,  or  in  coal  oils  boiling 
between  212°  and  248°  F.  (100°  and  120°  C). 

(y.)  Those  not  volatile  at  any  temperature, — This  constitutes  the  black 
■eeidne  in  the  retort  called  pitch.  It  is  used  in  the  preparation  of 
Bmnswick  black,  for  asphalting,  etc. 

By  the  action  of  heat  on  horny  matters,  similar  products  to  those 
ilready  described  are  formed,  the  ammonia  (hartshorn)  being  pro- 
iuced  in  great  quantity,  owing  to  the  richness  of  horn  in  nitrogen. 


(2.)  The  Products  of  the  Distillation  of  Wood  (or  other 

non-nitrogenized  substances.) 

The  following  exhibits  the  difference  in  the  chemical  composition 
ni  ooal  and  wood : — 


Per  100  parts. 


IKtnminotis  ooal 
I'ood  (dried  oak)    .. 


Carbon. 


79-6 
61-6 


Hydrogen. 


6-5 
6-7 


Nitrogen. 


1-9 
0-2 


Oxygen. 


131 
42*5 


We  note  therefore : — 

(I.)  That  in  wood  there  is  about  one-third  less  carbon  than  in  coal. 

(2.)  That  in  wood  there  is  a  mere  trace  of  nitrogen  (0*2  percent.), 
'wlulst  in  coal  the  quantity  of  nitrogen  is  considerable  (1*9  per  cent.) 

(3.)  That  in  wood  there  is  more  than  three  times  as  much  oxygen  as 
flwre  is  in  cx)al. 

(4.)  That  the  proportion  of  hydrogen  in  both  are  about  the  same. 

iWithis  we  should  expect  in  the  destructire  distillation  of  wood : — 
'  (1.)  That  the  gases  evolved  from  wood  would  be  less  illuminating 
iitttk  those  from  ooaL 

(2.)  That  there  would  be  scarcely  any  nitrogenized  products  such  as 
ciDmonia,  etc.,  produced ;  but 

(3.)  That  there  would  be  a  great  excess  of  oxidized  pxo^w.cX%,  ^>xs^ 
••  wator^  mAome  add  and  oxide,  acetic  acid,  etc. 
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The  wood  contained  in  an  iron  cage,  is  placed  in  a  retort 
heated.     Wood  charcoal  remaioa  in  the  retort,  and  the  products  of 
the  distillation  are  as  follows: — 

WoiHi  Tar. 
Solids. 


Paraffin 
Kuphlhaline 
Cedrinjt 
Pittaeai 


Fyretie C,gH„ 

Chrj'aeuo        ,,      .,     C,,Bti 
Eeain 


1 

5rt  aaCT" 
of 

I 


Liquids. 


Toluoae C^H, 

Xylene C,U,^ 

OymeDe       ^ir>H,4 

Kreaaote       CtHjO 

Picamar 

KapQomor C^f^HyO 

Eupione  « ,     ..     ..  C^ll^^ 


Pyroligneoiis    oi 
acetic  acid    . , 
Wood  iiapbtha 
Ac<*Ute  of  methyl . 
FoiTQate  of  metbyl 

Aeetone CjH^O 

Water     ,.     ..      .. 


CH,0 


Marsh  gaa CH^ 

Carbonic  oadde     . .      . .  . .      CO 

Carhoaic  acid       CO, 

The  distillate  consists  of  water,  tar,  and  naphtha. 

The   crude    naphtha   yields  acetone   (CsHgO),    pyroligneous   bM 

oH^O.^)^  and  wood  naphtha  or  methylic  alcohol  (C'H^^O),  this  lattisr 
product  bein^  rei-tified  hy  distillation  below  212^  F  (100''  C.)* 

Paraffin  distils  over  from  the  last  portion  of  the  tar.  It  may  bi 
obtained  in  larger  quantity  by  the  distillation  of  **  peat"  or  **  Boghead 
cannel." 


II.  Action  of  Acids  on  Organic  Matters, 

(!•)  Sulphuric  add, — This  acts  on  organic  bodies  in  different 
ways,  as  follows  : — 

(a.)  It  may  combine  with  the  organic  body*  Examples  i—OrgBsi^ 
bases  become  sulphates.  Alcohol  (CcH^jO)  becomes  sulphovinic  aciJ 
or  acid-ethylic-sulphate  (CvjH^^HSO^),  Benzoic  acid  (C^HgOs)  ^ 
comes  sulpho- benzoic  acid  {C^HtjOg.SOg).  Benzol  {C^Hg)  become* 
sulpbobenzolic  acid  (CgH^.SOj,).  Glycerine  (CjHaOj)  becomes  suiph**' 
glyceric  acid  (CjHeO^jSOj), 

(/3.)  It  may  decompOBe  the  organic  body.  Examples  : — Oxalic  acii 
(OgHA  =  CO2  -f  CO  +  HjOij  formic  acid(CH^O.i  =  CO  +  n/>),  et^ 

(y.)  It  may  abstract  the  elements  of  water  from  the  organic  body- 
Ejmapks  r^Thus  sugar  is  carbonized  hy  it.  Alcohol  (C^H^P)  beoom«* 
ether  (C^nn,0), 

(V)  It  ma}^  introduce  the  elements  of  water  into  the  organic  b 
^^ffm/j/^*;— Dextrine  (CgllKjOa)  becomes  glucose  (CgHj^Oc). 

(e)  It  may  dlsaolye  l\ie  oiganvi^iQ^^  %.t2l^  ^ffiact  an  alteration  in  H 
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wlur.    Example: — Sdllcine  is  turned  a  bright  red  by  the  action  of 
tlie  acid. 

12.)  N^itnrami.  With  some  orgaDio  bodies  (as  morphia)  aitric  acid 
strikes  a  deep  red  colour.  The  strong  acid  effects  in  many  cases 
complete  destruction  of  the  substam^e  on  which  it  acts.  For  example, 
*"gar  is  broken  up  into  water  and  carbonic  acid.  The  chemical 
elfecte  of  the  dilute  acid  on  organic  bodies  vary  as  follows  : — 

(a.)  It  may  combine  with  the  organic  body.  Examples: — With 
Wic  bodies  it  forma  salts.  Ethylamine  (C^HyN)  becomes  ethylam^ine 
nitrate  (C2H7N,nN(J,) 

[jl)  It  may  effect  the  oxidation  of  the  organic  body.  Eaxunphs  ;^ 
Sugar  (C,.,H«oOi,)  and  starch  (CeHiA)  form  oxalic  acid  {Q^UJ^^)\ 
gum  (CjgH^Oij)  forms  mucic  acid  (C^HnjOg). 

(y)  It  may  form  substitution  products  with  the  organic  body, 
Tliuii,  nitryl  (NOg)  may  be  substituted  for  hydrogen,  forming  nitro- 
<^'omp<mads,  which  are  generally  explosive.  Examples : —l^enz^uQ 
(C\;H^)  becomes  nitro-benzeiie  (C^H5(N05))  j  cellulin  (05Hio€>5)  be- 
comes guncotton  {OgHj(NOc>)305) ;  glycerine  (CjIIbO^)  becomes  nitro- 
glvcerine  ( C,,H5( Ni)e).i*J3> 

(3.)  The  Haloid  adih{nQ\]  HBr;  HI), 

(a.)  They  may  cmnhim  with  the  organic  body^  as  in  the  case  of  the 
flIVfiloids,  the  com|K)and  ammonias,  and  various  unsaturated  com- 
F^unds.  Examples : — Ethj/lamine  (C.^H^N)  becomes  ethylammonic 
tUuriiie  (CfiH^N.HCl);  iurpeniine  (CjoHi^J  becomes  hydrochlorate  of 
^a^jle,  or  artiiicial  camphor  (OkyII|6.n01).  (The  same  change  occurs 
**y  the  action  of  HCl  on  most  eBsential  oils.)  Fumaric  acid  {Q^^O^) 
becomes  bromo-succiaic  acid  (C^H^O^.HBr) ;  ethylene  (CjH^)  becomes 
fijono-iodo-ethane  (OoH^.HI) ;  hydroct/anic  acid  (HON)  becomes  hy- 
driodate  of  forraylamine  (HCN,HI), 

(\l)  The  substitution  of  the  chlorine^  bromine,  or  io<line  of  the 

•cidfor  the  group  (HO)'  may  result.     This  happens  more  particularly 

in  the  case    of    the    alcohols   and    oxy-acida.      Examples: — Alcohol 

'^^f   HO))    becomes  ethylic   iodide    (C^Hat) ;    oxy-proprionic  aeid 

110)02)  becomes  bromo-propr ionic  acid  (CsHjBi'O^). 

[la  the  case  of  hydriodic  acid,  it  effeeta  the  immediate  decomposition 
of  tbe  iodine  substitution  compounds^  the  iodine  being  replaced  by 
Mfogen,  Thus  hydriodic  aeid  ia  a  powerful  reducing  agent ,  for  it 
Sut  of  all  replaces  HO  by  I,  and  then  instantly  replaces  the  I  by  H.] 

(1)  Phosphoric  acid. — The  anhydride  acts  as  a  dehydrating  agent. 
Siwnpk: — ^Glycerine  (C3H3O5)  becomes  acroleiii  (C3H4O). 


QL  Action  of  the  Fixed  AUtaMne  Hydrates  on  Organic  Bodies. 

(1.)  They  may  combine  with  the  organic  body,  as,  t\g.^  where  aalla 
^  formed  with  organic    adds,  etc,     ^xaw/j/<fs ;  — Potaaslc   a^^l^A.^. 
famphor  (0,oB,(fOJ-hKHO  forms  potassic  campholate  (^CiJlvt^Oi). 
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(2/)  Tliey  may  act  as  oxidising  agents,  forming  acids,  witli  the^s- 
©ngagement  of  hydrogen.  Eorample : — Acetic  acid  is  furmed  by  the 
action  of  pot^ifislc  hydrate  ou  alcohol  i — 

CgHoO   +  KIIO  =       KCjHp^       +        2Hg. 

AloOihol    -f     ^otojisic  hydrate    ^    Potosaic  A««tiito    +     Hjdrog«n, 

If  the  body  b©  a  mtrogenised  body,  the  nascent  hydrogen  combines 
with  the  nitrogen  to  form  ammonia. 

(3.)  On  chlorine,  or  other  haloid  substitution  products,  alltaiieBiit 
times  effect  (a)  the  replacement  of  the  halogen  by  the  group  (IIO),  or 
0)  remove  the  halogen  in  part  or  wholly  from  the  compound, 
(a.)    C^HfiCl       +         KHO         =.  KCl  +05H5(HO). 

Etiiylic  chloride    +     PoUssic  hydrate    ^    Potaaaic  chloride     -\-     Alcohol 

(/30  an^jBr  +         KHO        ^  KBr         +   HgO   +     CgHa^ 

Bromethylene  +  Pofcasslc  hydrate  ^  PoUssic  brotnida  +  Water  +  Aeetylepft* 

(4.)  The  amides  (that  is,  com  poinds  of  ami  do  gen  (Nllg)'  and  an  aci^ 
radical),  are  deuomposed  by  the  all-aline  hydrates,  their  nitrogen  beiBg 
evolved  as  ammonia,  the  metal  (K  or  Na)  forming  a  salt  with  th« 
corresponding  acid,  ivram/?/^  ;—Acet amide  (NH^jC^HjO)  becoi 
ammonia  (NH^)  and  potassic  acetate  (KOjCsH^Oj. 


IV.  Action  of  Alkaline  Carbonates  ou  Organic  Matter, 
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When  an  organic  body  containing  nitrogen  is  fused  with  an  alkaliu* 
carbonate,  carbonic  oxide  is  evolved,  and  cyanogen,  as  a  cyanide  oi 
the  metal,  is  formed.     Thus-^ 

K^CO,  +     C^     -I-      Ng      =       2KCN        +       300* 

Potawiv  corbanato  -f  Carlson  +  Nitrogeii  ^  Potassic  (syaiiide  +  Caj-boiilc  oxid^ 

V,  Action  of  the  Haloid  Elements  on  Organic  Bodies, 

(L)    Chlorine. 

(a.)  It  may  combine  with  the  organic  body  (forming  additive  com* 
pounds).  This  happens  in  the  caee  of  certain  non-saturated  compounds 
ExampliB: — Benzene  (QUe;)  becomes  benzene  hexachloride  (C^H^Cltf)* 

(/!-)  It  may  in  the  presence  of  water,  oxidize  the  organic  body* 
Example : ^l^^nmiv.  aldehyde  (C^II^O)  becomes  benzoic  acid  (C^HeOy)* 

(y.)  It  may  effect  the  removal  of  hydrogen  (as  HCl)  from  th<» 
organic  body  with  the  substitution  of  chlorine  (forming  substitution 
pToducta).  This  may  be  complete  or  partial,  depending  upon  i\0 
substance  acted  upon,  the  temperature,  etc.     Thus  we  have  : — 

CsII^Oo Acotic  acid  CII4  Methane 

C^HjClO^  .,.  Ghloracetic  acid  CH^Cl  ..,  Chloromethane 

C^djOj  ...  Trichloracetic  acid  CHgOl^,.,  Bichloromethane 

CHCI3  ,..  Trichloromethane 
C*C\^ T^tcttchlorome  thane 
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(l)  It  may  effect  the  removal  of  hydiogen  (as  IICl)  from  the  organic 
hody,  but  without  the  substitution  of  chlorine  for  it.  Example  :--13y 
acting  with  chlorine  on  akuhol  (C^H^O),  we  form  aldehyde  (CgH^O) 
(CsHeO  +  Clg=C^H40  -h  2Ha). 

(2.)  Bromine,- — The  action  of  bromine  is  in  all  respeots  similar  to, 
but  less  intense  than,  that  of  chlorine, 

(3,)  /o^Vi^,— Like  chlorine  and  bromine,  but  less  iutenaely  thaaj 
either,  iodine  forms  (1 )  additive  compounds  (such  as  CjH4l^>)  with  non- 
a&turated  bodies^  and  (2)  also  acta  as  an  oxidizing  agent  But  unlike 
oriue  and  bromine  it  does  not  form  substitution  products  by  direct 
DLbiaation,  unless  (1)  the  hydriodic  acid  formed,  be  immediately 
decomposed  by  some  such  means  as  by  the  addition  of  mercuric  oxide 
to  the  mixture,  whereby  Hgl^  is  formed  {HgO  -h  2 HI  =  Hgig  + 
HjOj,  or  iodic  acid  when  free  iodine  is  produced  (HIO3  +  5 HI  =^ 
5i«+3H^O);  or  (2)  by  the  double  decomposition  of  other  chlorine  and 
kKMnine  compounds  with  potassic  iodide.  For  example: — lodacetio  acid 
(CjHiIOjj)  may  be  formed  from  broinacetic  acid  (CjHjBrO.,),  by  the 
>«tioa  upon  it  of  potassic  iodide.  The  intense  action  of  hydriodic 
<cid  on  iodo-derivatives,  explains  the  difficulty  of  forming  substitution 
ooapounds  by  the  direct  action  of  iodine. 


VI,  Action  of  Nascent  Oxygen  on  Organic  Bodies. 

Tie  nascent  oxygen  for  tbis  puqiose  is  commonly  liberated  by 
w«  action  of  dilute  sulphuric  acid  on  potassic  diehromate. 

1.  The  oxygen  may  combine  with  the  organic  body.  Example  : — 
Ald%de  (CgH^O)  becomes  acetic  acid  (CgH^Oe), 

2.  It  may  decompose  the  organic  body,  forming  two  or  mora 
oxidited  compounds, 

3*  It  may  simply  remove  hydrogen  from  the  organic  body. 
£^wp/«;— Alcohol  (CsH-jO)  becomes  aldehjde  (C2II4O). 

i.  It  may  remove  hydrogen  from  the  body,  the  oxygen  replacing 
I  ft  m  equivalent  quantity.  Example : — Alcohol  (CgH^3)  becomes 
>«eti'c  acid  (CoH/X), 

5.  It  may  remove  hydrogen,  the  oxygen  replacing  it  by  twice  its 
•^uivalent    quantity.      Example  •' — Naphthalene     (CioHa)     becom' 
lUpiitho-quinone  (C,oH(jO^.). 

6.  If  the  oxidation  be  intense^  then  (as  in  combustion)  the  carbon 
j  •fl<l  hydrogen  of  the  organic  body  may  be  broken  up  into  water  and 

•trbonic  anhydride,  the  sulphur  oxidized,  and  the  nitrogen  and  haloid 
^  ilements  set  free, 

Jlhe  changes  thus  effected  by  the  oxidation  of  organic  bodies,  are 

rkable,   and  of   great   interest.      By    the    action    of    nascent 

I  oxygen  on    salicine   (viz.,    by   distilling    it    with   dilute   Bu\'^\v\mfi 

•etd  and  potassic  bichromate^  we   obtain  the  artificial  oil    ol  ^^ 
ffpma,   or  me&dow-Bweet     Uric    acid    (C3H4N4O5)    loy  oxiAaVVou 
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beoomes  alloxan  (C4lIsN^04),    and  alloxaa  by   oxidstloa  Womi 
urea  (CU^K^O).     By  ilie  actiou  of  nascent  oxygen  on  aiztylk  alcoholl 
1)  (CsHi^O),  we  furm  valuriauic  acid  (C^HioOf>|  ttc 

Vn.  Action  of  Nascent  Hydragren  oe  Orgmiio  Bodies. 

Pree  liydrogen  has  no  action  on  organic  bodies;  ^  hydrugfla 

acU  powerfully.     Na«ccDt  hydrogen  may  be  set  ite^  >y  (i)  ti* 

action  of  water  on  sodium  amalgami  or  (2)  by  tha  actiim  of  diliiSt 
sulphuric  acid  on  zinc,  or  of  hydrocblartc  acid  on  tin* 

L  The  hydrogen  may  combine  with  the  or^^anic  body,  Exompli,— 
Ethene  oxide  (C-jH^O)  forms  alcohol  (0^H(,O). 

2.  The  hydrogen  (2  atome)  may  temoye  oxygen  (1  atom)  from 
organic  body.     Example: — Benzoic  acid  (C^H^O^)-!-!!^  becomes 
xoic  aldehyde  (C^H/))  +  H^,0. 

3.  The  hydrogen  may  efi'ect  the  remoral  of  the  haloid  elements. 

4.  The  hydrogen  may  remoTe  oxygen  and  the  haloid  eleoienta^ 
tituted  for  them  in  the  compound  (inverse  suhstitutior        '* 

I^Wppen  either  (a)  in  equivalent  quantities,  or  (p)  the  ; 
substituted  may  be  only  one- half  the  equivalent  of  oxygen  remo 
Thus— 

(a.)      C^H^CHO       +       2H^       =      H^O       + 

BctuEoic  ncid  C^ 

(/3.)     CflH,(NO,)       +       8H,      =     aHjO      +     C,  i  , ,    _ 

Kitrobe&seiie  A&iUiui, 

VUL  Action  of  Other  Beagenta  on  Organic  Bodies. 

1.  Zincic  chloiidei  hydric-potasaic  sulphate,   sulphuric  and 
phoric  oxides,  are  dehydrating  agents. 

2.  Phosphoric  chloride  (rcii)  either  (a)  removes  hydrogen 
the  organic  body,  an  equivalent  of  chlorine  being  stihstituced  in 
place ;  or  {fl),  removes  oxygen  from  a  compound,  repkcing  it  by  i 
equivalent  of  chlorine ;  or   (y),  removes  hydroxyl,   1  of  ITO  hn% 
replaced  by  1  of  chlorine. 

3.  Sulphurous  acid  is  a  powerful  reducing  agent.     In  the  pr&^ena 
of  a  third  body,  having  a  tendency  to  combine  with  hydrogen,  it 
composes  water,  and  forms  sulphuric  add  by  combining  with 
oxygen,  hydrogen  being  set  free. 

4.  Chromic  acid.  This  acts  as  a  powerful  oxidising  agent  on 
bodies. 

We  may  notice  lastly — 

IX.  The  Action  of  Ligbt  and  Electricity  on  Organic  Bodiii  ] 

(1.)   TU  action  of  ligU.^[^^  wts^VT^'tMm  tiit  thlanne  with  raa 
organic  bodies,  ia  aa  muc^  S3A\iftnR«A.  \»i  Xx^guv  ^-Oft^i 
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lorine  and  hydrogen.  Thus  chlorine  and  benzene  cciml>ine  imme- 
itely  in  bright  sunlight,  slowly  in  diffused  light,  but  not  at  all  in 
dark.  The  detjomposition  of  hydrocyanic  acid  is  greatly  accele- 
by  light :  hence  the  acid  is  preserved  in  blue  bottles.  Moreover, 
I  some  cases  the  compound  formed  differs  according  to  the  intensity 
the  light;  thus  a  mixture  of  chlorine  and  mono-chloro-propylene 
B5H5OI)  forms  di-chloro-propylene  (CiH^Clg)  in  the  dark^  but  the 

ipound  (CjIl^Cl^)  in  bright  sunlight. 
[A  well  known  action  of  light  is  ita  power  of  forming  the  green 
loruphyll  of  leaves  j  but  wo  note  also   a  special  action  of  sunlight 
elaborating  organic  compounds   generally,   in  the  organisms   of 
awing  plants, 

f(2.)   21it  action  of  the  galvanic  current.     The  organic  body  is  often 

c>mp08e<l,  oxygen  being  formed  at  the  positive  pole,  and  hydrogen 

the  negative  (from  the  decomposition  of  the  watt»r)i  these  bodies 

ing  powerfully  in  their  nascent  condition  on  the  organic  compound, 

[  Professor  J.  H.  Gladstone  and  Mr.  Tribe  have  published  a  series 

f  researches  on  the  action  of  what  they  call  the  copper-zinc  couple ; 

It  is,  a  very  intimate  mixture  of  powdered  copper  and  zinc.     By 

as  of  the  galvanic  power  generated  by  the  action  of  this  mixed 

stallic   powder,  the   preparation  and  the  decomposition   of  many 

aic  compouuds  have  been  effected.   For  exampU — the  preparation 

rinc  ethyl  {7iii(Q^^).,)^  ethyl  hydride  (C.^H^.II),  diamyl^  zinc  amyl 

EnCCjHji)^),  am}^  hydride  (OaH^.H),  methyl  hydride  (CHj.!!),  aoe- 

jjiene  (C^IIo)*  propylene  (O^ne),  propyl  hydride  (CjII^.H);  also  the 

3 very  of  sdno  propyl  (Za  (03117)2),  zioc  isopropyl,  zinc  propiodide 

SnCjH^.I),  and  the  ethylo-haloid  compounds  (as  ZnCgH^Br);  also 

|e   isolation   of  dialJyl,   the  conversion  of  nitrates   into   ammonia 

riiorpe)^  etc, I  etc,     (Set  **  Chemical  News'*  for  years  1873-1876.) 
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CHAPTER  XXI. 

OYANOGEK  AKD  ITS  COMPOUNDS, 

Cyanogcn—Hydrooyanic  Acid— Cjanidea— CompoundB  of  Cyonogen  with  tlio  Halcd<fa 
and  witli  Hydroxy!— Sulpho<yiinio  Acid— Double  Cyano(^en  Salts — The  Nitiv- 
pcuuidM-^Pnuaka  Blue — lleactioiia  of  Cyimogen  Gompoimdii* 

CTAlfOGEK. 


CN  or  Cy.      Mohcular   weighty    52.     Molecular   volume j  |    J j  .   Sj^ecific 

gravity,  1  80L     Fuses  at  —29^2°  R  (—34^  O.)*     I^oiU  at  —  5'3° 

D6rivatioit^"('^'^«*'os:  blue;  yhvyabt  I  produce.) 

History -^Distiuveretl  by  Gay  Luasac  (1815). 

Natural  History. — It  is  not  found  in  nature  in  a  free  state.  It 
is  met  with  in  the  gases  issuing  from  blast  furnaces,  and  is  pro- 
duced in  smtill  quantities  during  the  distillation  of  pit  coal. 

Preparation* — (l-)  By  the  action  of  heat  on  the  cyanides  of  me^ 
cury,  silver,  or  gold  (Hg(CN)2^Hg+(CN)e).  [A  brown  amorphou«r 
insoluble,  nou -volatile  substance  (paracyanogen  {CN)„)  is  formed 
simultaneously  with  cyanogen.  At  a  heat  of  1548'^  F,  (860°  C.)  part- 
cyanogen  is  converted  solely  into  gaseous  cyanogen,  without  leaving 
any  residue,  thus  proving  it  to  be  an  isomer  of  cyanogen.] 

(2.)  By  the  dry  distiilatiou  of  amnionic  oxalate  [(NH^)^  C^O J  or 
of  oxamide  [CV02(NHg)4 

Amnionic  oxalate        =         Water         -f*         Cyanogen . 

Properties.— ("0    PhimmL     A  colorless  gas,  having  the  odour 
hitter  almonds.     It  is  intensely  poisonous.      Its  specific  gravity 
r801,  and  its  relative  weight  26;   100  cubic  inches  weigh  55*714  grt-r 
and  1  litre,  2*3296  gi-ms.     A  pressure  of  four  atmospheres  at  45°  R 
(7*2'  C.)  or  a  cold  of  —22°  F.  (—30^  C.)  condenses  it  to  a  colorless  liq 
which  has  a  specific  gravity  of  0*87°,  and  freezes  at — 29-2'*  F.(^34''  C. 
It  withstands  a  very  high  temperature  without  decomposing.     It 
soluble  in  water  (4  vols,  in  1  of  water),  and  very  soluble  in  alcohol 

()3,)  Chmnk'itL  Cyanogen  burns  in  air  with  a  rose^red  fiame,  gon^ 
rating  00^  and  N.  Exploded  with  oxygen  (1  vol,  of  Cy  and  2  vola* 
of  0)  it  yields  N  (1  vol)  and  CO^  (2  vols,)-  Its  solutions  (whethe** 
aq^ueous  or  alcoholic)  decompose  rapidly,  the  pr-imaiy  products  bein^ 
ammoaic  oxalate  [(NH^).^  C2O4],  a  brown  insoluble  matter  (auulmi*^ 
acid),  and  traces  of  hydrocyaaic  (HON)  and  cyanic  acids  {CNOII).  A^ 
secondary  pro  ducts »  formed  by  the  action  of  the  cyanic  acid  on  the  water, 
we  ohtain  urea  COl^KlIaV  aui  V^^tnc  ammmitt  ^L«jt\i<iTia.l^  KH^HCO,' 


HYDROOYi 


609 


U^i 

R 


he  decomposition  of  the  aqtieous  solution  is  much  retarded  by  the 
resence  of  a  miDeral  acid.  C'janogen  was  the  first  well-re L-oguised 
**  compound  organic  radical/'  Chemiially  it  behaves  exactly  like  a 
monad  non-metallic  element,  or  simple  acid  chlorous  radical^  such  aa 
chlorine.  Just  as  chlorine  (CI)'  is  univalent,  the  molecule  being  re- 
presented by  CLt  so  cyanogen  (ON)'  is  univaleat,  its  molecule  being 
presented  by  (CN).^.  As  chlorine  combines  witk  metala  to  form 
lorides  (as  AgCl;  Hg^'Clg),  so  cyanogen  combines  with  metals 
to  form  cyanides  (Ag(CN);  Ilg"(CN)o).  As  chlorine  replaces  monad 
elements,  so  cyanogen  replaces  monad  elements.  Cyanogen  comhinea 
with  hydrogen  to  form  hydrocyanic  acid  (HCN),  as  chlorine  forms 
hydrochloric  acid  (HCl). 

The  reactions  of  cyanogen  with  potassic  hydrate  again,  are  exactly 
I     analogous  to  those  of  chlorine*     Thus: — 

Thus  cyanogen  supplies  us  with  a  typical  illustration  of  '*  a  com- 
L»und  radical,*' — that  is,  a  group  of  elements,  capable  of  acting  exactly 
is  though  it  were   an  element.     To   express    this  quasi -elementary 
[uhiiracter  of  cyanogen,  we  represent  it  by  the  symbol  Cy. 


J) 


2KH0 

Potassic 
hydrate 

cn,     =     KCl 

Chlorine      ^       PotA»^ic 
chloride 

+ 

KCIO      + 

Potansio       -f 
liypot'hlorite 

Water. 

2KH0 

pDtuaio 
hydrate 

+ 

(CN),      =     K{CN) 

Cyanogen     ^       Pota*sic 
cyanide 

+ 

K(CN)0     + 
cyanate 

Water, 

Hydrocyanic  Acid  (Pru3sic  Acid)  (HON  or  HCy). 

ft^liculoT'  weight,  27.  Molecular  W^hime,  \  \  \  .  Spteific  gravity  of 
liquid  at  44-9^  F.  (7-2'='  0.)  0'7058.  Fusen  at  6°  F,  ( 15°  C)  BoiU 
at  79-7°  F.  (26-5°  C). 

History. — Discovered  by  Scheele  (1782),  who  named  it  pruseic  add, 

I  composition  was  proved  by  Berthollet  (1787), 

Natural  History* — It  is  fuund  in  cherry-laurel  water  (aqua  lauro- 

l  ^m),  in  bitter-almond  water,  and  in  water  distilled  in  contact  with 

I  Hrious  plants  belonging  to  the  N.O,  Eosace®,  aud  with  the  kernels  of 

Jiy  stone  fruits.     Its  formation  in  these  is  no  doubt  due  to  the 

Hent  action  of  emulsin  or  synaptase  on  the  amygdalin  or  some 

^y  of  a  similar  nature  (see  page  4S6).     It  exists,  however,  ready 

Wed  in  the  juice  of  the  bitter  cassava. 

Preparation. — (lO    By  passing  electric  sparks  through  a  mixture 
^i  ttitnjgen  and  acetylene. 

N^  -f         C^H,         =  2HCN. 

Nitrogen        +        Acetylene        ^        Hydrocyanic  acid. 

(1)  Process  of  B,P,  in  preparing  actthnn  kt/drot^anii-um  diliilum* 
By  ^iihjDg  potassic  ferrocjanide  with  dilute  s\ilp\kUTic  ad^ — 
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2K^VeOj^  +  3HeS0,   =       6HCN       +       K,Fe,Cye       4-  3K^S0,. 

Polassic       -f  Sulphuric     ^^     Hydroejanjo     -J-     F**rroeynnide  of    +     Polaiaic 
ftfiTocyanido  acid  acid  Iroa  and  polonium  sulphate. 

The  B.P.  Bolution  is  made  to  liave  a  specific  gravity  of  0*997,  and 
to  contain  2  per  cent  of  anhydrous  acid;  in  other  words,  100  grains  of 
the  dilute  acid  should  yield  10  grains  of  AgCy  when  heated  with 
argentic  nitrate. 

(3»)  By  the  action  of  acids  on  metallic  cyamdea  (KCN-hHCl= 
HCN  +  KCI> 

Preparation  of  SckeMs  Add. — Prussian  blue  and  mercuric  oxide 
(HgO)  are  boiled  in  water,  whereby  Fe^Oj  is  precipitated,  and  a  solu- 
tion of  mercuric  cyanide  (HgCve)  formed.  The  clear  filtrate  is  then 
jnixt^d  with  dilute  sulplmric  acid,  and  shaken  up  with  iron  filingt 
(HgOyg  +  Fe-f  H.SO^=2HCy  +  FuS04-hHg),  The  solution  contaxns 
4  or  '5  per  cent,  of  anbydroua  acid. 

(4/)  By  heating  together  chloroform  and  ammonia.  The  process  ia 
facilitated  by  the  addition  of  an  alcoholic  solution  of  potaseic  hydrate* 


CH.Cl., 
Chloroform 


NH,     = 

Ammoma    ^ 


HCN 

Hydrocyanic  acid 


3HCL 

flydrochloric  acid. 


(5  )  Prfpantttpn  of  Quhijiboua  arid, — By  decomposing  argentic  cyanide 
(gently  heated)  with  eulphurettod  hydrogen,  or  with  gaseous  hydro- 
chloric acid. 


2AgCN 

+ 

H,8 

— 

Ag,S 

+ 

2ncN. 

Argentit} 

+ 

Sulphurttled 

= 

Argentic 

+ 

BTdrocjume 

cyanide 

hydrogen 

sulphide 

aoacL 

Properties .^a.)  Phf/meal.     A  colorless,  highly   volatile    li^d 
having  a  bitter  almond  odor  and  a  bitter  taste.     It  fireezea  at  0*1 
(— 19'8°C.),  and  boils  at  79°F.  (26'r  C),  emitting  a  combustible  vap 
The  anhydrous  acid  is  so  volatile  that  during  its  spontaneous  evapon 
tion  it  freezes  the  rest  of  the  acid.     It  mixes  with  water  and  aioohdl 
in  all  proportions.     Its  physiological  action  is  intense,  destroying  lifm 
rapidly^     It  is  given  in  medicine  internally,  and,  when  very  mud 
diluted  with  air,  is  occasionally  used  as  an  inhalation  (vapor  acid 
hy drocy  an  ici  ( B ,  P. ) ) . 

(/3.)  ChemicfiL  Its  acid  properties  are  so  feeble  that  it  cannot  ev 
displace  carbonic  acid  from  its  compounds.  Both  the  pure  acid  ai 
the  aqueous  solution  decompose  spontaneously  (particularly  wbeJ 
exposed  to  the  light),  a  brown  substance  called  paracyanogen  (CN)i 
being  deposited,  and  ammonic  oxalate  and  formate  pruduced,  A  triu*<l 
of  mineral  acid,  such  as  is  certain  to  be  present  in  the  B.F,  aciJ 
retards  the  decomposition.  [It  is  worthy  of  note  that  when  ammom*'! 
formate  is  heated,  it  yields  hydrocyanic  acid  and  water  (CNH^HOi 
=ONH  + 211^0)].  It  forms  with  the  haloid  acids  crystalline  bodie 
6ii€b  as  (HCN.HCl),  etc.^  which  are  easily  decomposed  into  formi^ 
acid  and  ammonic  saiU  (UCll.B.CiV-V^'B^i'^^i^^O^  ^formic  acid)  -h' 
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ril4Cl).  It  forms  metallic  cyanides  with  metallic  oxides  and 
ydrates,  but  when  boiled  with  an  excess  of  potash  it  evolves 
mmonia. 


The  Cyanides,  CMoridesy  and  Hydroxides  of  Cyanogen. 

The  following  constitute  the  most  important  of  these  compounds  : — 

L  Cyanides. 


^ 

li 

St^ 

i 

& 

(  Deliquescent ;  soluble  in 

water  and  spirit ;  fusi- 

ble.      They    are    not 

ifldc  cyanide  . .     . . 

KCy 

65 

White 
cubea 

changed  by  heat  when 
J      air  is  excluded,  but  in 
"^      the  presence  of  air  thej 

ic  cyanide       . .     . . 

NttCy 

49 

do. 

become  cyanates.  Their 
solutions,  when  boiled, 
yield  formates.     Solu- 
,     tions  alkaline. 

unonic  cyanide 

NH.Cy 

44 

do. 

Very  soluble  ;  the  solution 
easily  decomposes. 

irraric  cyanide..     .. 

HgOy, 

252 

do. 

Soluble  in  water  and  alco- 
hol; solution  not  preci- 
pitated by  alkalies. 

?entic  cyanide  . .     . . 

^??y 

134 

do. 

Insoluble. 

idc  cvanide      

ZnCy. 

91 

do. 

Do. 

baltoufl  cyanide 

CoCy, 

111 

do. 

Do. 

Uadioui  cyanide 

PdCy, 

158 

Yellowieh 

white 

do. 

Do. 

ric  cyanide      . .     . . 

AuCy, 

276 

Insoluble,  soluble  in  KCy. 

ROUS  cyanide  ..     .. 

FeCy, 

108 

Yellowiflh 
red 

(K,Cy,Fe"Cy,). 

rric  cyanide     . .     . . 

Fe,Cy, 

Only  knoMm  in  solution. 

n.  Haloid  Salts. 

Cyanic  chloride  (gaseous) CyCl. 

„  (liquid) CvjOl,. 

(solid)       CyaCl,. 

Cyanic  bromide       CyBr. 

Cy^Br,. 

Cyanic  iodide  Cyl. 

Cyanic  sulphide ^Xa^* 

ni.  Hydroxides,  Etc. 

( Potossic  cyanate     ..         ..     KCyO. 
Cyuiie  add..         ..     CyOH      { Ammouic  cyanate  ..         ..     NILCyO. 
(Urea CH,N\0. 

/Argentic  cyanurate  ..     KgJCyJCiy 

Argentic    hydric    cyanurato     X^jiC^^y 
FotoBBic  hydric  cyanurate. .     KaJS^^v 
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FulcDinuiic  Jicid 
CyomoUde    . . 

Fulminio  ftcid 


BalpTiocyanogen 
Sulphocyanic  acid  . . 


CyjO^H^-.Votasaic  hydric  fulmimirato    KflOyfly 
Cy«O^H, 

i  Mercuric  fulminate  , .         , ,    Hg"CyjO,. 
Cy,H,Oj  (?)  J  Arpi-ntic  fulminate  . .         . .    AK-Cy,U,. 

(  Amnionic   argentic  fulminate   NH^AgCy,<>v 

/  Ammonic  aulphooyRnate.,  Nll^CyS. 
CNS  or  Cy3  or  Scy  I  Potassic  nulphocyanato  . .  KCyS* 
HCyS  i  Plumbic  sulphocyanate  . .  Pb(CyS}|< 

\  Mercuric  eulphocyanate  . ,  Hg;Cy,S|<; 


The  Cyanides. 
The  cyanides  are  closelj  tdlied  to  the  haloid  aalta. 

Preparation  of  MeiaUk  CyanuliB, 

L  By  bTiming  the  metal  in  cyanogen  gas,  or  in  the  vapor  of  hj 
cyanic  acid  (KCy;  NaCy), 

Ammonic  cyanide  may  be  formed  by  mixing  together  the  yap 
of  ammonia  and  hydrocyanic  add, 

%  By  acting  on  metallic  oxides  or  hydrates  with  hydrocyanio  \ 
{tu)  IlgO   +   2nOy  ^  Hg^'Oy,  +   H.O 
(/3.)  KHO  +     HOy  ^  KCy        +   H^O. 

3,  By  passing  nitrogen  over  a  red-hot  mixture  of  a  metallic  c«i 
bonate  and  carbon  :— 

K0CO5      +        40        -h         2N         -=     2KCN     +       3C0. 
Potaftaic       -f       Carbon       +       Nitrogen      ^      Potaaeic      -|-       Carbonie 
carbonate  cyanide  oiide. 

Thus  cyanogen  is  formed  in  blast  fnrnaces,  the  potassic  carbonate  be 
supplied  by  the  ash,  and  the  C  and  N  by  the  fueL     Ammonio  cyanic 
may  be  formed  by  passing  ammonia  gas  over  red-hot  charooah 

4.  In  the  case  of  potassic  cyanide  it  may  be  prepared  either— 
(a.)  By  merely  heating  potassic  ferrocyanide,^ 


FeC, 


Carbide  of 
iron 


-f 


Nitrogen. 


K,Fo-Cyfi       =      4KCy 

Potassic  ferro        ^       Potassic 
cyanide  cyanide 

{/3.)  Or,  by  heating  a  mixture  of  potassic  ferrocyanide  and  potussi' 
carbonate. 
E^Fe'^Cye    +    K.CO,   =    5KCy    +    KCyO    +     Fe    +    C0|. 
Potassic  ferro-  +     Potassic    •=.    Potassic     -f-     Potasaio     -j-     Iron     +  Carbonio 
cyanide  carbonato  oj^anldo  oyanate  anhTdnd^" 

[Prepared  in  this  way  commercial  potassic  cyanide  usually  contain^ 
both  potassic  cyan  ate  and  potassic  carbonate*] 

If  mercuric  sulphate  be  added  to  the  potaasic  ferrocyanide,  mi 
curie  cyanide  is  formed. 

5.  By  the  action  of  a  soluble  cyanide,  or  of  hydrocyanic  acid, 
metallic  salts, 

(a.)  Thus  poiussxt:  r|/anide»  ^\l\i  ammom^L  ckloirlde,  forms  ammonic^ 


I 


C3TANOOEN, 


5id 


inide;   with  mercuric  oxide,  mercuric  ojanide;    with   palladioua 

loride*  palladious  cyanide,  etc. 

(/3.)  Thus  ht/(irO'C^anic  acid  with  zinc  acetate,  forms  zincic  cyanide, 

I  Properties  of  the  Cyanides* — They  are  all  more  or  less  of  a  white 

'  [>r,  and  have  a  bitter* abuond  odor.    In  the  case  of  potassio  cyanide^ 

ovolves  an  odor   of   almonds   (from   the  free   hydro-cyanic   acid 

sent)  and  ammonia  (from  the  decomposition  of  the  cyanate  by 

:>isture). 


2KCyO 

FotsJBsic  emanate 


Water    ^ 


Fotassiu  carbonfttQ 


-f    Ammonic  corboiutte. 


All  the  cyanides  are  poisonous  bodies. 

The  alkaline  cyanides,  when  fused  in  the  presence  of  air,  become 
cyanates.  Acids  decompose  certain  cyanides  readily,  such  as  potassic 
cyanide  (which  is  even  decomposed  by  carbonic  acid),  whilst  on 
tier  cyanides,  as  aurous  cyanide,  they  act  with  difficulty.  Most 
aides  are  soluble  in  solutions  of  the  alkaline  cyanides,  forming 
ible  cyanidee.  So  rapid  is  this  combination  in  some  cases  (as  with 
OUB  and  ferric  cyanides),  that  the  simple  cyanides  can  scarcely  be 
to  exist  in  a  separate  state. 
IIS68. — Potassic  cyanide  is  the  most  important  of  the  cyanides*  It 
kuaed  (a)  in  ehttrthplatiiig  and  gilding^  from  its  property  of  dissolving 
entic  cyanide,  forming  with  it  a  compound  which  is  easily  decom- 
«ed  with  the  battery ;  {ft)  in  photographij,  from  its  property  of  dis- 
Iving  silver,  either  aa  a  chloride,  bromide,  iodide,  or  as  the  metal ; 
(y)  in  the  laboratory^  as  a  reducing  agent,  from  its  property  of 
iracting  oxygen  &om  bodies  at  a  high  temperature  to  form  a 
aate  tSnOs-i-2KCy=:.8n-f2KCyO). 


Cyanogen  Chlorides,  eta 

ree  isomeric  chlorides  of  cyanogen  have  been  described*     They 
all  the  products  of  the  actiun  of  chlorine  on  hydrocyaaic  acid,  or 

metallio  cyanide ; —  

laseous  Cyanic  Chloride  (CyCl=6i*5.    Mol.  Vol  I    I    I )  is  a 

Drlesa  pungent  gas,  capable  of  being  liquefied  by  a  pressure  of 

atmospheres-     It  is  soluble  in  water,  alcohol  and  ether.     On 

Qg  passed  into  a  solution  of  ammonia  in  anhydrous  ether,  it  forms 

namide  CN^IIo^ 


iiquid  Cyanic  Chloride  (0}'20l4=i23.    MoL  Vol.  I    I    I )  is  an 

liquid,  boiling  at   69'^a^  F.  (lo'5^  C),  and  freezing  at  23^  F. 
C).     Preserved  in  hermetically -sealed  tubes  for  some  time,  it 
ames  the  solid  modification. 

jlid  Cyanic  Chloride  fCFjGl,=i84  5,    Mol.  \o\,\~^\^  \»  ^ 
m  colorleas  solid.    It  is  aoluble   in  alcohol  and.  e\3;i«t.    "Vt 
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melts  at  284°  F.  {140"^  C),  and  at  a  higher  temperature  sublimei 
unehanged. 

This  body  yields,  by  distillation,  n/anic  acid  (HCyO),  and  bytht 
action  of  water^  its  polymer  n/</»wm?  acid  (ll/Jy,p^). 

The  Cyanic  Bromides  (CyBr  and  Cy,Br-|),  and  a  solid  crystalline 
Cyanic  Iodide  (Q'I)i  li^ve  been  prepared.  By  the  eetion  of  the 
latter  on  sulpho-cyanate  of  silver,  a  Cyanic  Snlphide  (^ygSl  ifi 
formed, 

CoMPOTTNDfl  OP  CyANOGER^  AKD   HyDROXYL. 

^_^  Cyanic  acid         CyOII. 

^H  Cyanuric  acid     ...         .„         ...         ...  OysO^Hj. 

^H  FuliBinuric  acid  ,-•         ,»♦         ...  Cy^O^Hj, 

^P  Cyamelide Cy„Oi.H„, 

Cyanic  Acid  (CyOH  or  ON(OH)=43)  and  the  Cyanates. 

(a.  J  preparation  of  the  avid. — By  the  distillatioa  of  dry  cyanunB 
acid  (Cy;jO;(H;j)  into  an  ica-eold  receiver. 

(/?,)  Preparation  of  the  ci/anaUs  (M'CNO).— (1.)  By  the  direct  oiid* 
tion  of  the  cyanides  ( KCy + Pb 0 = Pb  +  KGNO ).  I 

{2,)  By  the  action  of  cyanogen  gaa  npon  potassic  hydrate  ((ON)g+] 
2KH0=KCN  +  KONO-f  H/>).  The  acid  cannot  be  prepared  by  thl 
addition  of  acids  to  the  salts,  inasmuch  as  it  forms,  by  combiu&tiai 
(a)  with  water^  ammonic  carbonate,  and  (j3)  with  ammoma^  urea,  m 
ammonic  cyan  ate.     Thus — 

(a, }  Oy(On)  +  2n.O=:Nn4HCO,,  (ammonic  carbonate)  ; 
(0.)  CyCOHj  +  NH^^CH^NaO  (nrea).  J 

PropfriieK^CjeLUiG  acid  is  a  colorless,  pungent,  acid  liquid.  3 
changes  rapidly  at  32^  P.  {0°  C. )  into  cyamelide.     It  is  monobflHie. 

Ammonic  Cyanate  (NH^CyO) ;  urea  (CH^N.O).  | 

rreparation, — (1,)  When  cyanic  acid  vapor  is  mixed  with  an  excM^ 
of  ammonia,  amnionic  cyanate  is  formed.  After  a  short  time  M 
exposure  to  air,  or  immediately  at  212^  F,  {10(PC.)»  the  salt  il^M 
goes  a  molecular  change,  and  becomes  urea,    (Wohler,)  ^U 

(2.)  AmmoTiic  cifanate  and  una  may  also  be  prepared  by  nuCT 
potassic  cyanate  and  ammonic  sulphate  in  water,  evaporating  to  W 
ness,  and  dissolving  out  the  urea  from  the  residue  with  alcohol 
2KCyO       +     (Nn,),SO,       ^         K^SO,        +      2NH,CvO. 

Potassic  +  Ammonio  ^  rctawic  +  Ammonk     ' 

cyanatd  salphate  sulphate  cyanate.      i 

Urea  is  a  weak  base,  and  constitutes  the  chief  nitrogen jsed  oo** 
pound  of  urine.  It  maybe  obtained  as  a  nitrate  [(CN«n40)IIN03l  ^ 
adding  nitric  acid  to  concentrated  urine.  The  aqueous  sulution.  wM 
mixed  with  oxalic  acid,  forma  an  insoluble  oxalate  of  urea — 

[(CN.H^OjC.H.O,]. 
Ifc  is  decomposed  by  heat,  giving  off  ammonia,  the  residue  oon8tituti*5 
cyanuric  acid. 
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In  contact  with  decomposing  matter;  urea  combines  with  water  and 
ecomes  ammonic  carbonate.  Hence  the  presence  of  the  latter  in 
acomposed  urine. 

CN2H4O      +  2HeO  =  (NH^)sC03. 

Urea  +  "Water  =  Ammonic  carbonate. 

A  compound  where  the  oxygen  of  the  urea  has  been  replaced  by 
ilphur,  forming  what  is  called  mlphur-urea  (CN2H4S),  has  been  ob- 
lined. 

Cyannric  Acid  (GyfisB^,  or  G,1^,{0R),). 

Preparation. — (1.)  By  the  action  of  heat  on  urea. 

(2.)  By  the  action  of  water  on  solid  cyanic  chloride  (CyjClj+SHgO 
rSHCl+CysHjOj).  [As  water  replaces  the  CI  of  cyanic  chloride  by 
le  group  HO,  so  phosphorus  pentachloride  replaces  ihe  group  HO  of 
fanuric  acid  by  CI,  (C3N3(OH)3+3PCl5=C3N3Cl3+3POCl3+3HCl)]. 

Properties. — ^It  forms  colorless  efflorescent  crystals,  which  are  not 
oluble  in  cold  water,  but  are  soluble  in  boiling  (1  in  24).  The  acid 
I  very  stable,  and  is  dissolved,  but  not  decomposed,  by  strong  sul- 
hnric  or  by  nitric  acid.  In  this  respect  it  contrasts  remar'kably  with 
B  isomer  cyanic  acid. 

It  is  a  tribasic  acid,  and  forms  three  classes  of  salts :  viz.,  M'3Cy303 
w  AgjCyjOj),  M'gHCysOj  (as  Ag2HCy303),  and  M'HoCy303  (as 
m.CysO,). 

Pnlminiiric  Acid  (Cy30,H3  or  C3N3(0H)3). 

Preparation, — By  the  action  of  a  soluble  chloride  on  mercuric  ful- 
Diinate. 

3Hg^Cy A + SKCl + H2O  =  4KC1 + 2HgCl2 + Hg^O  +  2K2HCy303 

V ^ /  ^^ , » 

Mercuric  Potassic 

fulminate.  fulminurate. 

Folminuric  acid,  unlike  cyanuric  acid  (both  of  which  have  the  same 
^composition),  is  monobasic. 

C3fainelide  (CynO^Hn,  or  Cyn(HO)n. — ^A  white,  solid,  amorphous 
V)dy,  formed  spontaneously  from  cyanic  acid.  It  is  insoluble  either  in 
i^ute  adds,  in  alcohol,  in  ether,  or  in  water.  By  dry  distillation  it 
^Mds  cyanic  acid. 

The  relationship  of  these  bodies  requires  notice : — 

1*  Cyanic  acid  may  be  prepared  by  heat  from  cyanuric  acid. 

2.  Ammonic  cyanate  forms  urea. 

3.  Urea  by  heat  forms  cyanuric  acid. 

4.  Cyanic  acid  changes  spontaneously  to  cyamelide. 

5.  Cyamelide  by  dry  distillation  yields  cyanic  acid. 
Palnunic  Acid* — This  acid  has  never  been  isolated.     Its  probable 

^position  is  HsPy^Os.     Thus  it  is  polymeric  both  with  cyanic  and 
itk  cyanuric  acids.    It  is  a  bibasic  acid. 

The  fulminates  are  highly  explosive  bodies.    They  are  totm.^  \>^ 
lying  the  metal  in  nitric  acid  and  adding  alcoliol. 
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Fulminate  of  Mercury  (Hg^CyjO.)  has  a  Bpecific  gravity  of  4 

and  is  decomposed  either  by  a  temperature  of  360^  F.  (182*2'^'  C),  or 
being  touched  with  sulphuric  or  nitric  acid,  carboDic  oxide,  Bitrogeo, 
and  the  free  metal  being  produced*     Thus : — 

Hg^CTy^Og  =  Hg  +  2C0  +  N^. 

Fulminate  of  Silver  ^^^  the  composition  Ag^Oy^Oo,  and  is  even 
more  ea>ily  de  com  posted  than  mercuric  fulminate, 

Bouble  Fubninates  have  also  been  prepared,  as,  e.  ^.,  NH^Ag 
Cy^O.  and  AgKCy.Og. 

Sulphoc^anio  Acid  (HCNS,  or  HCyS).  This  is  the  sulphur  ana- 
logue of  cyanic  acid. 

Prepamtion. — By  decomposing  lead  Bulphocyanate  suspended  h 
water,  with  sulphuretted  hydrogen. 

Properiks,~A.B  prepared  above,  it  is  a  colorless  acid  solution,  frcm 
which  the  acid  may  be  obtained  as  a  solid  crystalline  body  by  cold 
It  is  decomposed  by  boiling,  and  also  by  exposure  to  air.  The  aiid 
is  monobasic,  and  forms  salts  called  sulphocyanates. 

Ammonic  Sulphocyanate  (NH,,CyS)  is  prepared  by  neutraliiii^ 
the  acid  with  amnioma,  or  by  digesting  hydrocyanic  acid  with  jellofl 
ammonic  sulphide.  By  its  distillation  at  a  high  temperature  a  boM 
called  Mel  am  (CVjHyK,,)  is  formed.  Melam,  by  the  aciioti  of  potasiM 
hydrate  and  heat,  fonns  Mellamine  (CjHgNfi).  I 

Potassic  Sulphocyanate  (I^^'jS)  is  prepared  either  (1)  by  tnsijM 
together  potassic  cyanide  and  eulphnr,  or  (2)  by  fusing  together  thrfll 
parts  of  potaesic  ferrocyanide,  one  part  of  potassic  carbonate,  and  t^ 
parts  of  sulphur,  in  a  covered  crucible.  The  mass  is  then  lixiviatefl 
and  the  salt  crystallised  from  the  eolution  :^  I 

K^Fe'^Cye  +  Bfi  -  4ECyS  +  Fe^CCyS),.  ■ 

By  the  action  of  chlorine  on  a  solution  of  potassic  sulptioc|gj^| 
a  yellow  insoluble  precipitate  is  formed  of  permtipkocf/anogfn  (Cy^^H 
which  when  heated  forme  a  body  called  meitone  (CgHi^),  an  Q^^| 
radical,  which  with  hydrogen  forma  an  acid  called  fiifdro-mellom^^^ 
(HsCyH,^).  The  salts  are  called  tneUonkleSf  as  the  potassic  melloMB 
(K^CgHisj  E^HCgH,,^  and  KH^CpHj,,).  The  tripotaasic  meUoaW 
yields  insoluble  precipitates  with  salts  of  silver,  mercury,  load,  ej 
y\z,^  argientic  meUoniih  (AgjCgHjs);  mercuric  melkmide  (ng3(CgH,jM 
ph(mbic  meliumde  (^^^{C^^Jly^),^),  ■ 

Plumbic  Sulphocyanate  (Ph(0yS)2)  is  prepared  by  acting  M 
pot«#'&ie  sulphocyanate  with  lead  acetate.  ■ 

Mercuric  Sulphocyanate  (Hg''(Qy'S)2)  constitutes  the  toy  ksofl 

as  I^haraoh's  Serpents.  Hj 

Tht^ee  bodies*  are  represented  as  containing  the  compound  mJSfl 

Kuiphotyanoijen  (('yS  or  Scy).  H 

The  sehnio-  ajanaU^  correspond  to  the  sulphocyanatesi  and  have  A| 

foTwnU  (M'CNSe).  Jk 


DOUBLE  CTANIDJSS. 
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Double  Salts,  etc.,  of  GyanogeiL 


Formula. 


logen 
lie  acid 
errocyanide 

Tocyanide  

'errocyanide 

rocyanide  (Prussian  blue) 

errous  ferrocyanide  (Eyeritt's  white  salt) 

ickelous  cyanide 

ogen         

ic  acid 

BTficyanide  

'erricyanide  

snicyanide  (Tumbull's  blue) 

Brrous  ferxioyanide         

TO-pruaaie  aoid 

^-prusside  


Fe^Cy. 

H,Fe"Cy, 

K,F«"Cy 


Cu'VFe"Cy, 

Pb,Fe"Cy. 

'Fe'":Fe''Cy,s 

FeK,Fe'Ty, 

K,Ni''Cy,=2KCy^iCy, 


Fe'"Cv. 
H3Fe'"C5re 
K,Fe'"^- 
V'jJ'e 

Fe'VF* 

Fe"kl 

H,(NO)Fe"Cy, 
Naa(NO)Fe"Cy, 


H3Fe'"Cye 

K,Fe'"Cy, 

Pb"J'e"'Cy„ 

Fe'^e"^Cy„ 

Fe"kFe'*'Cye 


Double  Cyanides. 

consist  of  compounds  of  an  alkaline  cyanide  or  a  cyanide  of 

ine  earth,  with  a  cyanide  of  another  metaL 

ration. — By  dissolving  a  cyanide  of  a  heavy  metal  in  an  alka- 

lide. 

rties. — The  double  cyanides  may  be  divided  into  two  classes: — 

lie  unstable  double  cyanidesy  which  are  very  poisonous,  and  are 

»sed  by  a  dilute  acid  (as  HOI),  hydrocyanic  acid  being  liberated 

I  alkaline  cyanide,  either  with  the  precipitation  of  the  metallic 

or  with  the  conversion  of  both  metals  into  chlorides.    Thus  : — 

Ni"Cy4     +       2HC1      =   NiCya    +  2KC1   +     2HCy. 

5  nickelous  +  Hydrochloric  =  Nickelous  -f*  Potassic  +  Hydrocyanic 
nide  acid  cyanide  chloride  acid. 

?he  stable  double  cyanideSy  which  are  not  poisonous.  They  are 
mposed,  like  the  above,  by  a  dilute  acid,  but  one  of  the  metals 
Lth  hydrogen  to  form  an  acid.     Thus  : — 

Fe"Cy5  +  4HC1  =  H^FeCyg  +  4KCI. 
icyanideof  +  Hydrochloric  ^  Hydroferrocyanic  +  Potasdo 
taaaiam  acid  acid  chloride. 

trrocyanides  and  ferricyanides  are  of  importance.  The  pure 
of  iron,  owing  to  their  strong  tendency  to  form  double  salts 

er  been  prepared. 

cyanogen  and  Perricyanogen. — These  groups,  neither  of 

ive  been  isolated,  constitute  two  compound  radicals  conXAiii- 
differing  from  one  another  only  in  this,  that  m  iexxoe^^Ti- 

iroD  Is  ^mlent,  wlulat  in  /erricjanogen  it  is  trivalcnt,    T"kuB'.— 
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Ferroe^anoffen. — Fe'^Cyg  forms  potassic  ferrocyanide  (K^Fe^Ovgy 

Ferricyano^en , — Fe'"Cy^       ,,     potassic  feiricyanid©  (K3Fe'''Cv<;, 

E:^(Fe,)^Cy,,) 

It  will  be  further  noticed  that  a  ferrocyanide  differs  only  from  a  fer 
cyanide  by  one  atom  of  a  monad  metal  (such  as  K') ;  hence  (a)  oirii 
zing  agents  (as  CI  and  IINOa)  convert  ferrocyanides  into  ferrieyanida 
whilst  (/3)  reducing  agentit  (L  «-,  agents  capable  of  undergoing  oxid 
tion  or  of  giving  up  hydrogen)  convert  ferrieyanides  into  ferrocyanide 
To  express  the  radical  ferrocyanogen  briefly,  the  formula  (Fcyj 
frequently  used. 

Analogous   to  ferricyanogen  we   have  compound  radicals,    whCT0  ^ 
the  iron   is  displaced  by   other  metals,   as  cobalttci/anogcn   {CoCj^lt 
platinociiajwgen   (PtCy4),    etc.       These  bodies  are   distinguished   by 
forming  acids  with  hydrogen,  from  which  salts  may  be  prepared  by  J 
the  displacement  of  hydrogen, 

Ferrocyanic  Acid  (H^Fe "Oy^). 

Pvepw^aUon. — (I.)    By    decomposing    plumbic   (or   cupric)    fe! 
cyanide,  suspended  in  water,  with  sulphuretted  hydrogen, 

(2.)  By  decomposing  a  strong  solution  of  potassic  ferrocya 
with  hydrochloric  acid* 

K^FeOy^       +        4nCl        =      H^Fe^'Cyg        -f      4X0. 

Potaaaic  feno-     -{-     Hydroohloric    ^    Hydroferrocyanic    -f     Pc^toBWO 

ojaniJo  acid  acid  chlondei 

Properties.^ A  white,  crystalline,  soluble  substance,  decomposed  I 
heat  into  hydrocyanic  acid  and  ferrous  cyanide  {^^YeCyf^—AUCj^ 
F^Oyrj),  the  ferrous  cyanide  forming  Prussian  blue  by  exposal^  < 
air  (9FoCy,  +  03=^'Fe"'4Fe'',Oyj«  +  Fe20;).  The  acid  is  tetrabasic,  i 
forms  salts  called  ferrocyamdes  (M'4Fe"Cya). 

Potassic  Ferrocyanide-— I'^'^/ott^  prusmate  ftf  potash  (K^Fs^C 
4KCy,Fe''Cy,,  or  K.Fcy.  or  K^Fe(CN)^). 

Preparation.^ {I, )  By  the  action  on  potassic  cyanide,  either  (^ 
iron  filings,  the  mixture  being  freely  exposed  to  the  air,  or  0) ' 
ierrous  hydrate. 

+       0        =K^Fe^'Cy^-j-   2KH0. 

-I-    Oxygon    ==    Potassic    -j-     PoUuaic 

ferrwyamde         hjdniie^ 

K^Fo^^Cyg         +       2ILH0. 

=        PoUasic  ferro-         +         Potassic 
cyanide  hydrate, 

(20  By  digesting  potassic  cyanide,  either  (a)  with  ferrous  sulpl 
or  (^3)  with  a  soluble  ferrous  salt. 


(«.)6KCy 
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03.)  6KCy 
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Fe 
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+ 
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(A) 


Fe"8 

FotTOUB 

sulpliide 

FeSO.^ 

Ferrous 

fulphate 


4- 
+ 


6KCy 

PotaBsic 
cyanide 

6KCy 
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K,Fe"Cye 

Potassic  ferro- 
cyanide 

K.Fe'Cyfi 


Potasaioj 
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Voiamiit\ 
tiilphftt«. ' 


(3*)  Tlie  ordinary  process  of  manufacturing  **  yellow  pnissiate  *'  is 
m  follows : — Nitrogeuised  animal  matters,  such  as  horns,  parings  of 

Ilea,  blood,  etc.,  are  fused  with  crude  potassic  carbonate  and  scrape 
old  iron,  in  covered  iron  vessels.  Thus — (a.)  Apctamc  cyanide  is 
med — 


K^OO,     + 

c* 

+        N, 

— 

KCN 

+ 

300. 

Potiuiie      + 

Carbon 

-f-     Nitrogtsn 

^ 

Potasaio 

+ 

Carbonio 

carbonAte 

cyanide 

oxide. 

(jl,)  And  alao  a  fcrrotts  mlphuU,  from  the  combination  of  the  iron 
rith  the  sulphur  derived  partly  from  the  animal  matter,  and  partly 
i?om  the  K^^SO^  present  in  the  crude  potassic  carbonate. 

The  fused  mass  is  now  treated  with  boiling  water,  when  the  ferrous 
mlphide  re-acts  (as  in  process  2  (a))  on  the  potassic  cyanide,  forming 
wlphide  and  ferrocyanide  of  potassium,  the  separation  of  the  latter 
easily  effected  by  solution  and  crystallisation  (Fe8-h6KCy:= 
yo  +  -K^£^)'  Sometimes,  to  avoid  the  formation  of  potassic 
lulphide,  pure  potassic  carbonate  is  used,  and  the  cyanides  formed 
afterwards  digested  with  ferrous  carbonate  : — 

PeCO^        +         6KCy         ^     X.Fe^Cyg     -|-        K,CO,. 
I  Ferroua  -f  Potasjxo  s=  Potasaic        +  Potasfiic 

earboiuLt^  cyanide  ferrocyanide  carbonate. 

Prf>pff!iei. — It    forma    large,  tough,   yellow  crystals   (K4FeCy5+ 
.  soluble  in  both  cold  and  hot  water  (1  in  4  at  GO^F. ;  1  in  2  at 
.-  1 .),  and  insoluble  in  aJcohoL     It  is  not  poisonous. 
I  At  a  moderate  heat  the  yellow  salt  becomes  white  and  anhydrous, 
ated  intensely  in  «*>,  it  forms  potassic  cyanatej  but  heated  without 
'  it  forms  potassic  cyanide,  carbide  of  ii-on,  etc, 

I  With  dilute  sulphuric  acid,  it  yields  hydrocyanic  acid,  but  with  strong 
llphuric  acid,  the  salt  is  decomposed  (K^Fe^'Cyg-f  6 11^804  + 611^0 — 
p0^Fe8O4  +  2KoS04  +  3[(Nn4)5SO4)].  By  the  action  of  hydrochloric 
lid«  hydroferro cyanic  acid  is  precipitated  ( H4FeCyg). 
loosed  with  alkaline  carbonates,  it  forms  potassic  cyanide. 
irith  neutral  or  acid  solutions  of  many  metallic  aalta,  it  gi^ea 
eristic  precipitates.  With  ferrons  s&ltSf  it  forms  a  light  blue 
So- ferrous  ferrocyanide  (Fe"XoFe^'Cyfi)  ;  with /<!rrw  W/*,  ferric 
yanide  or  Prussian  blue  (Te'^'^Fe^'^Cyja) ;  with  cuprtc  salts,  a 
feed  cupric  ferrocyanide  (Cu"2Fe''Cy5) ;  with  lead  salisj  a  plumbic 
fiirrocyanide  (PbaFeCy^),  etc. 

The  precijiitate  with  cobalt ^  is  yellowish  green  ;  with  ta^niumf 
bn^wn;  and  with  linc,  cadmium t  nickel^  manganese^  tin,  kad^  bismuth^ 
Ihtanontf^  silver,  and  mercnnj^  white.  Except  the  precipitates  with  zino 
■d  cadmium,  they  are  all  insoluble  in  dilute  hydrochloric  acid. 
^Kj^ts. — It  is  largely  used  in  the  manufacture  of  Prussian  blue  («ee 
Nige  521),  in  the  j)"^®?^^*^^^^  ^^  hydrocyanic  acid  (^ace  ^a^Q  b^^'j, 
le. 
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Perricyanic  Acid  (HaFeCy^). 

Pu partition . — By  dec^mpoaiiig  plEtnbie  femcyaiiide  (PbjFe'%Qy,g)f 
BUBpeuded  in  water,  witb  sulphuric  acid. 

PmpfTties, — A  red  unstable  liquid.     By  heat,  it  foroiB  hydrocyanic 
acid  and  a  hydrated  ferric  cyanide  (FeaOy<g,3HgO). 

Potassic  Ferricyanide,— ^ec?  prmaiau  of  potmh  (KaFe^Cy^,  or 
3Key,Fe"Cy3,  or  KgCFe^f  ^Cy^s). 

Preparatwu     By  the  action  of  an  oxidizing  agent  (such  as  nit 
acid,  chlorine,  etc.,)  on  potassic  ferrocyanide  :— 

2(K^Fe''Cy5)  +  CL         =    2(KsFe'"Cyc) -f         2KC?1. 

Fotaaue  +        Chlorine        ^         Potaaedc         -)-  rotii£sio 

ferrocytnide  ferricyamdo  chloride* 

^he  chlorine  withdraws  one-fourth  of  the  potassium  from  the  fe 
cyanide.  The  chlorine  muiit  not  be  used  in  excess,  otherwise  the  i 
will  be  decomposed. 

Proptriies,     A  red  crystalline    salt,   permanent  in   the   air, 
soluble  in  water  (1  in  4  at  m^  F.) 

It  is  decomposed  by  reducing  agenta 

Its  re -actions  are  important : 

1.  It  forms  insoluble  precipitates  of  characteristic  color  with 
metallic  sidts  in  neutral  or  in  feebly  acid  solutions;  t,g,t  an  ttrange  ] 
cipitate  with  zinc  or  silver ;  a  yellow,  w4th  cadmium ;  a  green^ 
nickel  and  copper ;  a  redtUsh  hrown^  with  cobalt ;  a  hrvtciiy  with 
ganese ;  a  whiU^  with  stannous  salts,  etc. 

Excepting  those  of  zinc  and  tin,  the  ferricyantdes  of  the  ah 
metals  are  insoluble  in  dilute  hydrochloric  acid. 

2.  (a.)  With  a  ferric  or  per  suit  of  iron  (that  is,  where  the  ironi 
really  a  hexad,  although  apparently  trivalent,  as  in  (Fe2)**Cl<5,  it  gir 
no  precipitate,  but  merely  turns  the  solution  a  reddish  brown  color. 

(^I)  With  a  ferrmi  or  protosaH  of  iron  (that  is,  where  the  iron  ! 
bivalent^  as  in  Fe'CL)  it  gives  a  deep  blue  precipitate   of  /*t 
ferriijamdey  'Fe".^'Fe*'\Cy^o-\-Aq^j  which,  when  dried,  constitutes  **  1 

[Note. — Potassic  ferrocyanide  forms  a  blue  precipitate  (PrasAiii 
blue)  with  ferric  salts,  but  not  with  ferrous  salts,  potassic  ferrieyanii 
constituting  the  teat  for  iron  as  a  ferrous  salt,  in  which  case  a  blU 
precipitate  is   formed.     To  distinguish  Prussian  blue  (ferric  f® 
cyanide,  'Fe'"4Fe":,CyiB)  from  TurnbuM's  blue  (ferrous  ferricya 
Fe"^Fe"'oCyi2),  add  potassic  hydrate: — with  Prussian  blue  we  ol 
potassic  ferrocyanide,  and  fin-ic  or  red  oxide  of  iron  (Fe^O^) ; 
with  Tui'nbuirs  blue  we  obtain  potassic  ferrocyanide   and  : 
or  bhcl:  oxide  of  iron  (Fe^O^).] 

3.  The  ferrioyanide  is  used  in  dyeing,  a  fabric  being  colored  2 
when  boiled  in  a  solution  of   the   salt  acidulated   with  acetic  i 
Mixed  with  potassic  hydrate    it   forms,   as   an   oxidizing    agent, 
discharge  for  indigo.    TTaua ; — 


IIOUBLB  OTAKtDES. 


r  2(K,Fe    Cyo)  +  SKHO  =  SCK^Fe'Cyo)   +        0        +    HjO. 
Pfitaatie  fern-     -f*    Potusaio  =    Potassic  ferro-     4"     Orygea    +     Wnier, 

cyaaidc  hjdnite  Gyanido 

The  Kitro-prussides, — Preparation, — By  the  action  of  nitric  acid 
on  the  ferro-  or  ferri-cyamdes. 

Sifdra-mtr&pftissic  acid^  H2(NO)Fe''Cy3,  has  been  prepared  in  a  crys- 
talline form* 

The  9Qiic  mtropruBiidi  (Na^(NO)Fe"Cy5+2aq)  ia  the  only  salt  of 
importance. 

PreptAration, — Potassic  ferrocyanide  is  boiled  with  dilute  nitric  acid 
Hfeitil  a  ferrous  salt  added  to  the  solution  gives  a  slate-colored  precipi- 
P6te,     It  is  then  boiled  with  an  excess  of  sodic  carbonate,  and  the 
solution  filtered  and  crystallized. 

M  Proptrtits.~li  is  a  briUiant  red  crystalline  (rhombic)  body.     The 
■bluble  oitropmssides  produce  a  purple  color  with  a  mere  trace  of  an 
alkaline  sulphide. 

Censiitution. — The  nitroprussides  may  be  regarded  as  containing  a 
radical  similar  to  ferrocyanogeu  (Fe^'Cy^),  where  one  of  the  monatomio 

iical  (NO)  has  replaced  one  of  Oy. — (Fe'^NOjCya).    This  radical  is 

atomic,  inasmuch  as  Cy^  of  the  group  remains  unsaturated* 

Ferric   Ferrocyanide   {Prussian  Blue),  'Fe "^Fe' .,Cy,B  or  Fe^ 

y„  or  3Fe' C>^e»2'Fe'",Cyg,  or  2tFe,)-Cy6,3Fe"Cyj-M8H,0). 
ffistorif. — It  was  discovered  about  1700.     Its  true  nature  was  not 
first  understood.     Macquer  (1724)   discovered  that  it  was  decom- 
by  an  alkali,  a  residue  being  formed  of  red  oxide  of  iron, 
jlence  he  supposed  it  must  be  a  compound  of  oxide  of  iron  with  an 
id,  but  which  acid  had  a  greater  afGnity  for  an  alkali  than  it  had 
oxide  of  iron.     This  view  was  supported  by  the  fact  that  when 
Isalt  of  iron  was  added  to  the  solution,  prussian  blue  was  re-formed, 
ele,  in  1782,  prepared  the  iicid  which  he  called  prussio  acid.    Gay 
c,  in  1815,  called  prussian  hlxiQ  pmsfiiate  of  iron, 
Preptiratian, — (L)  By  the  action  of  potassic  ferrocyanide  on  ferric 
ltd. 

3K^Fe'Gy6      +  SFe^Olg        =  Te^'^Fe^Cy^e  +     12KCL 

Potaftaic  feiro-      -}-       Ferric  cliloride      ^      Ferric  ferro-      +      Poiaiaic 

cjraiude  cyanide  chloride, 

I  [This  precipitate  forms  what   is   commercially  known   as  soluble 

sBtan  hlni\  the  precipitate  being  soluble  in  pure  water.] 
1(2.)  By  the  action  of  a  mixture   of  ferrous   and   ferric   salts  on 
tttsaic  cyanide*     (This  constitutes  the  principle  of  Scheele's  test  for 
(&6  page  5220 


aFe*Ca^  +2'Fe'"3Cl6  -(-  ISKCy 
FeiTOtti  -j-  Ferric  +  Pot&ssic 
ehloride  chloride  cyauide 


18KC1    +  'F©'",Fe^Oy.e. 
Fotauic    <f"        Prusei&a 
chloride  \>\\ife. 


|(S.)  By  the  action  of  oxidizing  agents,   such   as  a\i,  mtxic.  u^^^» 
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chlorine,  etc**  on  the  light  blue  precipitate  of  potassic  ferrous  ferro- 
cyanide  (Evoritt's  white  ealt  =  FeK^jFeCyg)  produced  when  ferrous 
salts  are  precipitated  with  potassic  ferrocyanide. 

(a,)    K^Fo'^Cyn       +      FeSO^     =      FeK.FeCyfi       +      KgSO^. 

-\-       Ferrous       ==       Potaaaiu  foTTOUfl       -f       Potassic 
Bulphate  lerrocyanide  sulphate. 


Potasrie  ferro- 
cyauide 


03.)  6(P6Ke,Fe"Cj6)  +   30,  =3(K:,Fe"Py6)+ Fe,0,  +  Te"',Fe",Cy„ 

PotaaMic  -f^3tyg©n=  Potaasic      +  1^'t'rrio  -f*  Prussian 

ferrous  lerroeysnide  ferrocyaDide  oxide  blue. 

[This  process  is  ordinarily  employed  in  the  manufacture  of 
pruaaiau  blue.  The  pruasiaa  blue  made  in  this  way,  however,  is  not  I 
so  pure  as  that  prepared  by  process  1,  the  pigment  being  alwajaj 
more  or  less  mixed  with  potassie-forrous-fenicyanide  (Fe"K,Fe"Cr<5)»f 
which  has  also  a  blue  color^  and  which,  it  will  be  seen,  differs  onlfl 
from  the  potassic- ferrous-ferrocyanide  by  the  loss  of  one  potassittiftj 
atom.] 

Propertiea. — Prussian  blue  is  a  bard,  blue,  and  brittle  substance^l 
without  taste  or  odor.      It  is  largely  used  aa  a   pigment,  but  iti 
color  is  not  of  a  very  permanent  nature.     That  prepared  by  process  iJ 
is  soluble  in  pure  water ;  that  by  process  3  is  insoluble.     Heated  i 
air»  it  burns  freely,  leaving  a  residue  of  Fe^Oa.    Heated  without  air, 
it  gives  off  water,  ammonic  cyanide  and  ammonic  carbonate,  a  carbide 
of  iron  remaining  a^  a  residue. 

It  is  insoluble  in  ihlute  acids^  except  in  a  solution  of  oxalic  acid, 
this  solution  forming  blue  ink  ;  Hrmig  mdphnic  add  turns  it  white, 
the  color  being  restored  on  dilution  with  water.  It  is  decomposed  by 
strong  nitric  and  hydrochloric  acids.  Alkalies  and  alkaline  rarbonaUi 
destroy  the  color,  dissolving  out  a  ferrocyanide,  and  leaving  ferric 
oxide. 


Ferric  oxide    -f     Water 


'Fe'''^Fe",Cy,B+12KnO=    SK^Fe'^Cyg    + 

Pnissian         +  Potassic  ^    Potassic  ferro-     + 
blue  hydrate  cyanide 

[Thus  the  calico  printer  in  forming  a  pattern  on  a  fabric  dyed  wit! 
Prussian  blue,  first  discharges  the  color  with  an  alkali,  and  then  < 
solves  the  ferric  oxide  formed  with  a  dilute  acid.] 

(1.)   Test^  for  hydrocyanic  avid  and  the  ctfQuide^* 

(a.)  The  odor  of  pmaaic  acid. 

(ft,)  Argentic  Nitrate;  gives  with  tli©  acid  a  white  precipitate 
argentic   cyanide   (AgCy),   insoluble  in  nitric   acid,   and  soluble 
alkaline  cyanides ;  almod  insoluble  in  ammonia.   By  this  means,  anl 
also  by  its  not  being  readily  blackened  oo  exposure,  AgCy  may 
known  from  AgCl. 

The  argentic  cyanide  when  heated  evolves  cyanogen,  which  bi 
with  a  rose-red  tiame,  reduced  silver  only  remaining  in  the  tube, 
Cy.J  (Scheele'a  Tost.)    A.dd  lo  tW  avAd  ^  f^w  drops  of  a  solutiun 
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potamc  hydrate.  Thus  a  potassic  cyanide  is  formed  (HCN+KHO= 
KCN  +  H^O).  Add  to  the  KCy  solution,  a  mixture  of  a  ferrous  and 
ferric  salt  (such  as  ferrous  chloride  and  ferric  chloride).  The  ferrous 
salt  converts  the  cyanogen  into  ferro-cyanogen  (FeCyg),  which  com- 
bines with  the  iron  of  the  ferric  salt  to  form  prussian  blue  (18KCy  + 
3FeCl2  +  2re8C]g=18KCl-t-Fe7Cy,8).  Now  add  dilute  sulphuric  acid, 
to  re-dissolve  any  excess  of  the  ferrous  and  ferric  hydrates  precipitated 
by  the  excess  of  potassic  hydrate,  the  result  being  that  pure  prussian 
blue  will  be  precipitated. 

In  dilute  solutions  the  reaction  is  slow. 

[Thus  in  hydrocyanic  acid  poisoning,  a  mixture  of  solutions  of  sul- 
phate of  iron,  perchloride  of  iron,  and  potassic  hydrate,  constitutes 
the  best  antidote.] 

(^.)  Mercurous  Nitrate;  a  grey  precipitate  of  metallic  mercury, 
mercuric  cyanide  remaining  in  solution. 

(c)  Place  some  hydrocyanic  acid,  or  a  mixture  of  a  cyanide  and 
hydrochloric  acid  in  a  watch-glass.  Invert  over  this  a  second  watch- 
glass,  moistened  with  a  few  drops  of  yellow  ammonic  sulphide,  in 
such  manner  that  the  sulphide  may  be  freely  exposed  to  the  vapor 
of  the  add.  Heat  very  gently  to  dryness.  Thus  an  ammonic  sulpho- 
cyanate  (NH^CNS)  is  formed  :— 

(^4)^  +  Sg  +        2HCy  =       2NH4CyS  +        HjjS. 

* y ' 

Yellow  ammonic  +    Hydrocyanic  =    Ammonic  sulpbo-  -f-    Sulphuretted 
sulphide                          acid                           cyanate  hydrogen. 

This  residue,  when  touched  with  a  ferric  chloride  solution,  yields  the 
blood-red  color  of  ferric  sulphocyanate. 

Estimation  of  Hydrocyanic  Acid, — 1 .  Argentic  nitrate  is  added  to 
a  known  quantity  of  the  solution,  and  the  argentic  cyanide  formed 
collected  and  weighed. 

100  grs.  of  AgCN=  19-4    grs.  of  CN,  or 
=48-57  grs.  of  KCN. 

2.  Supersaturate  a  hydrocyanic  acid  solution  with  potash,  and  add 
a  few  drops  of  a  solution  of  common  salt.  Add  to  this  a  nitrate  of 
BilTer  solution  of  known  strength.  Immediately  that  a  permanent 
precipitate  of  Agd  occurs,  it  proves  that  all  the  HON  present  in  the 
■olution  has  been  converted  into  the  soluble  double  salt  KCyAgOy, 
the  combination  of  the  chlorine  with  the  silver  not  occurring  until 
tftia  is  complete.  (Every  1 70  of  AgNOj  corresponds  to  26  of  cyanogen, 
and  to  65-1  ofKC^). 

(2.)  Tests  for  the  Ferrocyanides  : 

Ferric  salts;  a  blue  ppt.  of  Prussian  blue  {'^q"\  'Fe'^^Gy^^. 
Ciipru;  salU/  a  redppt  ofcupric  ferrocyanide  {G\}!'^^'  O^^i- 
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(3.)  Testa  far  the  Ferricyanides : 

Ferric  salts ;  no  ppt.,  but  merely  a  reddish-brown  solution  formed. 
Ferrous  salts ;  a  blue  ppt  of  ferrous  ferricjanide  (Fe",  Fe'''^  Cyj^). 

(4.)  Tests  for  the  Sulphoq/anates  (Sulphocyanides) : 
Ferric  salts  give  a  blood-red  coloration  from  the  formation  of 
ferric  sulphocyanate. 

(5.)  Tests  for  the  Nitropnissides : 

Alkaline  sulphides  give  a  purple  color. 
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CHAPTER  XXIL 

THE  HYDEOCAEBONS. 

•ERiBS  OF  Htdrocabbons. — The  Paraffins— Chloroform— The  Oleflnes — Acetylene— 
Turpenes — Benzenes — Naphthalene  ^Anthracene— Formation  of  Alizarene. 

iuppLEXENT. — Paraffin    and    Petroleum — Turpentine — Volatile    Oils—Camphors — 
Redns — Gum  Resins — Oleo-Resins— Balsams — India  Buhber — Gutta  Percha, 


THE  HTDBOCABBONS. 

It  will  assist  us  if,  before  considering  the  hydrocarbons  in  detail, 
We  note  the  following  facts :  — 

1.  Carbon  is  a  tetrad  element.  When  combined,  tiierefore,  with  four 
monad  atoms  (as  in  CH4),  it  is  regarded  as  fully  <<  saturated." 

2.  Although,,  however,  the  carbon  in  Cn4  is  fully  saturated,  and  is 
therefore  incapable  of  further  combination,  nevertheless  it  can  ex- 
change one  or  more  unit  weights  of  its  hydrogen  for  an  equivalent 
^tiantify  of  some  other  element.  Thus  CH4  can  form  CH3CI  or 
^B^s^Jg.  These  substitution  compounds  with  the  halogens  are  called 
^^ioid  derivative.  Again,  it  can  exchange  its  hydrogen  for  a  monad 
"^oup,  such  as  (CN)'  (NO2)'  (NH^)',  etc.,  and  thus  form  other  deri- 
ati^es,  as  CH3(CN)',  etc. 

^«  Again,  carbon  has  the  property  of  uniting  with  itself  {duplication), 
^l^enever  this  occurs  its  atom-fixing  power  is  increased  by  at  most 
^^   xnonad  units ;  thus — 

IC  can  unite  with  4  unit  weights  of  hydrogen,  etc.,  to  form  =:  CH^ 
2C         „        ,,        6  „  ,,  ,,  ^  ^aHj 

3C        „        „        8  „  ,,  „  ^  CjHg 

^'^liis  fact  has  been  already  represented  graphically  {see  page  366). 
^    eeries  where  the  members  or  terms  of  the  series,  as  they  are 
^^^^,  increase  by  a  regular  increment  of  CH^i  is  called  an  homologoua 
*"**-     All  the   members  of  the  series  described   above  are   fully 
»^^^^^ted. 

^-  If  a  saturated  hydrocarbon,  as  CH4,  be  deprived  of  a  molecule  of 
^7^it>gen  (BLg)  a  molecule  is  left  (CHg),  which  is  "  not  saturated," 

^^  gives  rise  to  a  new  homologous  series,  all  the  members  of  which 
[  ***  •Iso  non-saturated  molecules  ;  as  follows : — 
CH^r— C2H4— CaHfi— C4H8,  etc. 

These  non-saturated  hydrocarbons,  however,  are  a\>le  \o  xxm^i^  ^Vi^ 
othar  ^iffmoite  or  compound  radic&la  to  form  saturated  oom^wxidA. 
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5.  By  an  mhgous  series,  we  imply  a  series  In  which  the  sue 
terms  differ  by  H^  j  thus  the  series 

Ethane     ... .  0^11^ 

Ethene  (Etlielene)  CM^ 

Ethine  (Acetylene)         ...         ...         -.,  CjH^,  etc 

Hi&stitute  an  iBologous  series. 

*^  6.  llydrocarbous  of  even  equivalence  (such  as  those  with  the  fo; 
BQula  C„II^+„,  as  Cn^)  may  exist  separately,  whilst  hydrocarboi 
of  unequal  equivalence  (as  CH^  nieth^l)  are  incapable  of  existing 

{CH  1 

7.  A  hydrocarbon  containing  an  even  number  of  hydrog^en  atonn 
has  been  regarded  as  a  hydride  of  a  radical,  containing  an  uneTea 
number  of  hydrogen  atoms.  Thus  methane  (CH^)  may  be  regard^l 
as  a  hydride  of  methyl  (CH^.H),  ethane  (CyHg)  as  a  hydride  of  ethri 
(G3H5.H),  etc.  The  groups  CHj,  C2H5,  etc,,  are  called  either  '^hj-  ^ 
drocarbon  radicals,*'  or,  for  reasons  to  be  seen  directly,  *<  alcohol  j 
tadieals*" 

It  must,  however,  be  remembered  that  there  is  no  reason  to  be 
that  one  of  the  hydrogens  of  the  body  OH »,  plays  a  diflferent  part  i 
the  compound  to  the  other  three.     Experiment,  indeed^  is  opposed  to 
such  a  view. 

8.  (a.)  An  alcohol  is  a  bydroearbon  in  which  one  or  more  atoms  i 
hydrogen  have  been  replaced  by  one  or  more  of  the  group  (OH). ' 
An  alcohol  may  be  regarded  as  the  organic  analogue  of  a  metallic 
hydrato,  such  as  Na  (OH).     Thus 

Methane  OH^  forms  methi/Hc  akoUl  Cn,(OH)  ; 
Mham  CaHg       ,,      ethfjlk  alcohol  O^H^lOH)  ;  etc. 

(jS.)  A  thio-alcohol  or  mcrcaptan   is,   in  like  manner^   the  organie 
analogue  of  a  metallic  sulphydrate,  as  Na  (SH) ;  thus 

Methjfir  mlphjdrate  CH^(SH) ;  Ethjlic  mdphydrauQM^  (SH). 

9.  (a.)  An  oxygen  ether  is  a  compound  of  hydrocarbon  radicals  an4  ' 
oxygen.     It  may,  therefore,  be  regarded  as  an  aicoholif  oxide  or  <in'nif' 
(ifide.      It  will  be  remarked  that  the    relationship   of   Na(OIll  U> 
NaoO  is  an  analogous  relationship  to  that  existing  between  an  aLuLoL 
and  an  ether.    Thus— 

Sodir  hydrate  Na  (OH)       and  St^dic  oiidr.  Na^O  correspond  1 
EihffUc  akofwl  C^jHfl  (OH)  and  Ethylic  ether  (C^H^jpO, 
(/I)  In  a  sulphur  (thio-ether)  or  selenium  ether,   the   analoc 
of  metallic  sulphides  or  selenides,  the  O  is  replaced  by  S  or  by  S© ; 
f.^..  ((\I1,),8. 

10.  An  <f/f/<?%ffg  is  a  hydrocarbon  where  the  hydrogen  is  replac 
by  the  group  (COH )'.     Thus  :— 

CH3.H  mcthune  ^i^lda  CBl^  (COH)  actUc  aldehyde. 
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It  may  be  remarked  here  that  an  aldehyde  is  produced  by  the 
oxidation  of  an  alcohol,  and  an  acid  by  the  oxidation  of  an  aldehyde. 
Thus  an  aldehyde  stands  midway  between  an  alcohol  and  an  acid. 
Thus  :— 

CgHeO       —        an^O        —    C^H^Oo. 
Ethylic  alcohol    —    Acetic  aldehyde    —    Acetic  acid. 

11.  A  ketone  is  an  aldehyde  where  the  IT  of  the  group  COII  in  the 
aldehyde,  is  replaced  by  a  monad  hydrocarbon  group.     Thus : — 

CHaCCOH)    —    CH3(C0(CH3)). 
Aldehyde         —      Dimethyl  ketone. 

The  ketones  differ  from  the  aldehydes  in  the  products  of  their 
oxidation. 

12.  An  acid  is  a  hydrocarbon  where  the  hydrogen  is  replaced  by 
the  group  carboxyl  (CO.OH)'.     Thus  :— 

CH4    ;    CH,(COOH)    —    CeHg     ;    CgH^CCOOH). 
Methane    ;        Acetic  acid  —    Benzene    ;        Benzoic  acid. 

The  acids  may  be  regarded,  therefore,  as  oxidized  alcohols  and 
aldehydes. 

Series  of  Hydrocarbons. 

We  have  to  consider  the  following  series  of  hydrocarbons  : — 


Sbbibs. 

Formula  of  Series. 

I.  Marsh  gaa  (paraffins)  . . 

CnlljR  4.  a 

II.  Olefines 

CbH,™ 

III.  Acetylene 

CnHjn-a 

IV.  Terpenee 

c„n,„_. 

Y.  Benzenes 

CnHjn-e 

(Annnatio  series.) 

VI.  Cinnamene      .. 

Cnn,„_8 

VII. 

c„n,„_,o 

Till.  Naphthalene   .. 

C„II,„_,, 

IX. 

Cnn^.-u 

X.  Anthiacene     .. 

Cn  11.^11-18 

XI. 

Cnllan-ie 

XII. 

C„II  n^ 

XIII.  Chrysene 

c.n,B^4 

xrv. 

CnII,.-« 

XV. 

CnHj,_„ 

Examples. 


5  Methane  CII. 
/  Kthane  C,Hg, 
(  Ethylene  C^IL 
j  Propylene  Cgllg, 
i  Acetylene  CJI^ 
)  Allj^lene  C3IL, 
i  Quintone  C.Ilg 
I  Decone  C.„H,g 
i  Benzene  C^IIg 
\  Toluene  C\Hg 
i  Cinnamene  CgH- 
j  Allylbenzene  C^lTjo 

Acetcnylbenzene  CgU^ 

Naphthalene  CiJl^ 

Diphenyl  C,„H,o 

Anthracene  y'lfi^^ 

Stilbene  C,^H„ 

Diacetenyl-benzene  C,gH,^ 

Chrysene  C,gH,, 

Tetraphenylethylene  C^'E^ 


Bespecting  these  series  we  would  note  generally  that — 
1.  The  2nd  and  Srd  series  (viz.,  the  olefino  and  acetylene  seri^^!^ 
nay  be  obtained  from  the  1st  series  (the  paraffins)  by  fiim\\aT  o\)^Ta- 
iohb.     Further  we  note  that  the  paraffins    do  not  iorm  a^^VXli.'^^ 
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*j6i  flfi^^ 


eompounda  with  the  haloids,  but  that  the  Sod  and  3rd  aeriei 
whereby  they  are  rendered  compounds  of  a  similar  constitution  to  the 
paraffins*     Thus : — 

C,H,         forms  C,H,C1,         {deritS'of}     *"^^ 

Acetylene  Tetnichloretbano  Ethane. 

2.  The  paraffins  are  in  all  respects  a  singularly  inert  d&ss  rf 
bodies, 

3.  The  1st,  2nd,  and  3rd  series  do  not  form  nitro- derivatives  or 
sulphomc  acids, 

4.  The  "terpenes**  (Series  TV.)  are  a  very  stable  group.  They 
have  a  peculiar  action  on  polarij&ed  Hghtp  and  combine  readily  witk 
the  haloids^  but  they  yield  neither  nitro  derivatives  nor  sulphonie 
acids, 

5.  The  boiizenea  (Series  T/),  or  aromatic  series  &a  they  have 
called,  and  with  them  Series  VIII,  and  X.,  farm  additive  compou 
with  difficulty,  but  substitution  derivatives  with  ease,  these  latter  beii 
stable  bodies,  and  not  decomposed  in  some  cases  even  by  fusion  wii 
potassic   hydrate.      The   benzenes    form   nitro- compounds   and   sd 
phonic  acids  by  their  direct  union  with  nitric  and  sulphuric  acids,  1 
which  they  may  be  distinguished  from  aD  the  preceding,  but  not  J 
the  succeeding  series. 

6.  The   naphthalene,   anthracene,  chrysene   and   pyrene   series 
hydrocarbons,  form  by  oxidation  **  quinones,*^  that  is,  bodies  whfli 
two  units  of  hydrogen  are  replaced  by  two  units  of  oxygen. 

Marsh  &as  Series,  or  FaraffiEs. 

Sebieb  I. — Formnla  Qpff^^^^^. 


Formula. 

Boiling  point. 

Sp.  Gr.  at 
deg.  Cent. 

Eemarks. 

NAME. 

F. 

C. 

Methane     , , 

CH, 

S«e  page  228. 

Ethane 
Propane 

Ethylte  hydride  C^Hj.H. 

Tetnuie       . . 

^*^n 

33*8* 

!• 

•600  at    0' 

i)iWM(C,Hj^. 

Pentaoe      . , 

C|,H,j 

100-4' 

S8* 

•628  at  17'      , 

Heiiane 

C,H.' 

168*0* 

70' 

•669  at  16' 

Heptane      . 

C,H.j 

210-2' 

99' 

•699  at  15' 

J 

Octane 
Nonane 

255*2' 
298*4^ 

124* 
148'' 

•726  at  15' 
•728  at  13^ 

J}iiutyl  (C.H,),,            ■ 

Decane 

334-4" 

Iflfi' 

-739  at  IS'^ 

^1 

UndecAne  .. 

C(,a,, 

363-2^ 

184' 

•765  at  16" 

^H 

Dodecane   .. 

C»H« 

395-6'* 

202' 

•774  at  17' 

^^^^1 

Trideeaiie  .. 

^13-^^ 

424-4'' 

218' 

•792  at  20' 

^^^^1 

Tetradecan© 

c  K 

464*0^    1 

240" 

— . 

^^^^1 

Pentadecane 

c;>c 

606"6* 

262* 

■826  at  16' 

^^^B 

Hexdecane. . 

C.«H3, 

632-4' 

278' 

Solid-^melta  at  69-8''F.H 

The 

above  table  re 

pxe^Tl^^ 

^^  ^;E^VL^i^ 

MLd  boiling  pointa  ^M 
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he  normal  primary  paraffins.  Several  isomerio  modifications  of  many 
»f  these  bodies  have  been  prepared,  but  not  of  the  first  three  mem- 
bers of  the  series^  yiz.,  methane^  ethane  or  propane.  These  isomers 
ire  prepared  differently,  have  different  gpravities  and  boiling  points,  and 
izhibit  different  reactions.  It  is  customary  and  convenient  to  express 
hese  varieties  by  different  formulaa,  although  such  expressions  must  be 
egarded  as  merely  theoretical,  and  not  in  any  sense  representations 
if  actual  molecular  construction. 

Thus  the  first  three  terms  of  the  series  have  no  isomers,  and  however 
nrepared,  exhibit  the  same  chemical  and  physical  properties.  They 
nay  be  represented  thus  : — 

CH3  I 

CH4         I  CH2 

Methane.      Ethane.      Propane. 

These,  indeed,  are  the  only  ways  in  which  it  is  possible  to  group 
lie  carbon  atoms  of  these  bodies.  The  fourth  term  C^Hjo  is  derived 
bcxn  the  third  term  by  the  replacement  of  one  hydrogen  atom  by  the 
|nmp  GH3.  But  this  displacement  of  hydrogen  may  occur  in  one 
ttwo  places ;  t.«.,  either  in  one  of  the  end  CH,  groups,  or  in  the 
CH{  group ;  that  is  in  one  case,  none  of  the  carbon  atoms  may  be 
Wited  with  more  than  tu>o  carbon  atoms,  whilst  in  the  second  case 
of  the  carbon  atoms  may  be  directly  combined  with  three  carbon 
Thus  it  may  be  represented  as — 

(1.)  (CH3.CH3.CH2.CH3),  or  as  (2.)  (CH,.CH(CH3).CH5). 

We  may  express  these  two  forms  graphically  thus — 

H   H    H    H  H        H       H 

H— C-(Lo-C— H  H— C C C— H 

H— C— H 

I 
H 

No.  1.  No.  2. 

Or  again  we  may  have  such  isomeric  compounds  as  the  following : — 

CH3.CH«.CH«.CH«(0H)  =  Normal      butyHc  alcohol. 

CH(CH3VCH«(0H)  =  Iso-primary  do. 

C(CH3)(C8H5)H.0H  =  Secondary  do. 

0(CH,)3(OH)  =  Tertiary  do. 

blias  been  shown  that  all  these  various  isomers  (and  it  ift  ©TiJieiit 
the  number  of  isomers  will  increase  with  the  advance  oi  ike 
b)  mt^  he  repnaented  under  four  heads  :-^ 
r  M  M 
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(1,)    Where   rath  vurhon  atom   is  at   ptf^st  afy^ditfnf  tn%  f«v» 
atofns  (Ko.  I  as  figured  on  last  page). 

(2.)    Wfta*^  mte  carbon  atom  t^  c^iodaitn  n*in  iuir', 
2  as  figured  on  Inst  page)* 

(8.)    Wlure  furh  groitp  (i.e.,  (yf  one  rarbon  dtotn  bftnwf  uitnMitd 

ihrff  rilrJuiU  iiftnrt-it)  QecurS  tWlCt  ^ff  "  iitnhtHilt*^  an  f.  n.- — 


CD, 


H— C 


I 
-C — 


-n 


Je 


CH,  OH, 

No.  8. 


(4,)   Wher€  one  carbon  atom  is  associattd  with  four  ofhtr  raited 
as  e,  ff.f  m— 

CH, 

I 
CE, 

No.  4. 

Similarly  it  must  be  noted  that  various  isomers  of  the  derif 
of  the  paraffins  also  result  from  the  displacement  taking  p 
different  groups.     Thus — 

CH3.CH5.CHJ     =     propyl  Iodide  (a-/. ^ 
CH3.CHl.Cils      =     iso-propjliodide  d 

Preparation  of  the  Paraffins.— C^^sn^ra/,)-^!.  IVom  ...  . 

tf  the  C,JT.,„^jOIl  JSertes,  These  are  first  (a)  converted  into  1 
chlorinated,  ett*.,  paratTins  by  the  action  of  a  haloid  si-cid,  and 
wards  {0)  submittod  to  the  action  of  nascent  hydrogen.  Thd 
actions  will  be  noted  in  the  preparation  of  ethane  f 

(a)    c,H5(0H)  4-       iici       =  (C,n5)a    +  h,o. 

Ethyl  ie  alcohol  -f  Hydrochloric  add  =t  Ethylic  chloride  -f  Watfnr* 

(/J.)    (Cjiij)a     +      n,        =      c,Hfi   +     ucL 

Ethylio  chloride     4-      Hydrogmi        =         KtbAne     -t-HjrtiraohM 

2.  By  the  action  on  the  alcoholic  iodides,  either  (a)|  of 
water,  or  (/3)|  of  zinc  alone  and  heat«  in  closed  vessels. 


(a.)  SC^H^I  +    Zoe    -f    11,0     ^ZnHA+    Znl^    4- 

-f-    Zino    -f     Water    =    Zindc     -f     7 
hydr&to 


Ethylic 
iodide 


2C^< 


03.)  aCJlsl       -V    Tax    =       '/.ta^ 


^    CJH, 


ICABSH   OA8. 
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From  the  acetic  series  of  acids  by  electrolyais. 

+ 


2C2H4O2    =     CgHe  +  2CO2 

Acetic  acid    :=      Ethane  +  Carbonic  anhydride 

4.  From  the  adds  (a)  of  the  acetic  series,  and  (/3)  of  the  succinic  series, 
by  the  action  of  alkalies  on  their  alkaline  salts. 


(a.) 


<^-) 


KC2H3OJ 

Potasdc 
acetate 

X£VbH|204 

Potaanc 
suberate 


+ 
+ 


KHO 

Potassic 
hydrate 

2KH0 

Potasflic 
hydrate 


=        K2CO3 

=        Potassic 
carbonate 

=       2K2CO3 

=        Potassic 
carbonate 


+ 

+ 
+ 


Methane. 


Hexane. 


General  Propertiee. — (a.)  Physical.  The  viscidity  of  the  paraffins 
increases  with  their  molecular  weight,  the  members  of  the  series  be- 
Doming  gradually  less  volatile  and  of  higher  gravity.  Thus  the  first 
tiiree  terms  are  gaseous,  those  next  in  order  are  liquid,  whilst  the 
Bnal  terms  are  solid. 

(^.)  ChemicaL  Chlorine,  and  bromine  to  a  less  extent,  act  directly 
Doi  tiie  paraffins  under  the  influence  of  sunlight,  to  form  substitution 
products,  which  may  be  partial  or  complete.  Iodine  forms  no  such 
Dompounds  directly,  but  it  forms  them  indirectly.  Thus,  it  forms 
^9doform  (CHI3)  by  its  action,  in  the  presence  of  potassic  hydrate,  on 
Marions  organic  substances,  such  as  sugar,  alcohol,  etc. 

When  chlorine  acts  on  the  normal  primary  paraffins,  it  forms  simul- 
tineously  two  isomeric  derivatives,  diflPering  in  their  boiling  points 
tiid  in  their  specific  gravities,  and  convertible  respectively  into  a 
jtomal  primary  and  a  normal  secondary  monohydric  alcohol  One 
IT  two  illustrations  will  suffice  : — 


Boiling  pt  of  Derivative. 


F. 


54*5 
116-7 
171-6 
223-7 


12-6 

46-6 

77-6 

106-6 


F. 


102-2 
1680 
231-8 


39 

70 

HI 


Specific  Gravity, 
at"  C. 


920  at  0** 
916 
907 
901 


874  at  10** 
896  at  O*" 
886  at    0** 


With  nitric  acid  the  higher  paraffins  form  directly  nitro-componnds, 
rhilst  on  the  lower  terms  of  the  series,  nitric  acid  has  no  such  action, 
iUhoiigh  nitro-oompoirnds  may  be  produced  by  indirect  means. 

Some   of   {he  more   important    substitution    demati^eA  ol   Xk^ 
pmffins  aze  stated  in  the  following  table : — 
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Name, 


Metbylic  cWoride . . 
( M  oaocbloromethAoe) 


Mc'tb  j!cTie  chloride 
( Dichloroiuethiiiie) 


Chloroform    . . 

(Trichl  oromethane) 


Carbonic  Tetrachloride  . 
( TctracMoromethaiU}] 


Iodoform       . .     . . 
(Triiodomethnne) 


Nitro-melhane 


Httro-ethf&ne . 


Cyano- ethane  or  Ethyl 
cyanide 


Cjanometliano  ot    Me- 
thyl c7amde 


Formula. 


CHjC! 

cn^ci. 

CHCl, 
CCl, 

CHI, 

cn^pfo^ 

C.H,(N0J 
C,H,(CF) 

CH,(CK) 


PreparalioQ  and  Fropertiefl. 


iV<^ro#iow,— (L)  By  the  actum  of  CI  im 

ditfused  light. 
(2,)  By  the  action  of  ECl  g»as  on  metbjlk  i 
Frvprrtir^. — A  colorless  gas,  condenung  at  - 

{—20"  C). 
Frtp^raiion. — ^By  the  action  of  CI  on  CI 

sunshine. 
Pr(fpertie*. — A  cotorleas  liquid;  specific 

VdG]  hoUa  at  1076"  F,  (42^  C.)- 
6W  below. 


Preparation,— {I.)  By  the  action  of  cblo« 

ehloroform  in  sunlight. 
(2»)  By  the  action  of  CI  on  wami  CSj, 
Properties. — A  colorless  liquid  ;  specific 

1-6  ;  boibat  172-4'  F,  l78^  C). 
By  the  action  of  naactnt  hjdrogen  it  may  I 

cesaiTcly  reduced  to  CH^, 
Freparaiion.^^j  tb©  action  of  iodine  on 

etc,,  in  the  pre&ence  of  potaasie  hydrate 
I*roj)rrtie9. — A   yellow   crystalline  body, 

in  alcohol  and  in  ether.     It  forma  cya^ 

2CH(CN)j,  wht-n  heated  with  mercuric  c| 
Preparation, — By  the  action  of  argentic  nit 

methyUc    iodide    (CHJ+AgNO,=Ag| 

KOJ.  ^  ^ 

Proptrtie*. — An  oily  liquid;  hoils  at  2l( 

OO**  C),    Forms  with  XaHO  tbo  del 

CH^"a(NOJ, 
Prfpaiitthti.—Bj  the  action  of  argentic  nif 

ethylic  iodide, 
Fropertit'i. — A  colorless  liquid ;  hoila  at  Mi 

(Ha^  C).    By  the  action  of  nascent  hyi 

forms  fthylaming. 
When  methyl  or  ethyl  iodide  is  heated  W 

gentic  cyanide,  two  isomeric  ethyl  or 

Equid  oom  pounds  are  formed  : — 
Eihyi compound*  (1.)  boils  at  191 -S"  F,  (88i 
no  odor, 
„  (2.)boilBat  174-2*  F,  (71 

intolerable  odor. 
M§ikjflempomda  (L)  boik  at  170-6'  F.  (7 
not  acted  on  bvadi 
„  (2.)  boils  at  131*    i\  (S 

*  •    decomposed  by-  aca 


Trichlorometliaiie  (Chloroform),    Terchloride  of  foimyU ;  md 

chloride ;  divh  lor  mated  meth/lic  chhride  (CIIOI3). 

Molettdar  weiffht^  11 9*5 .     Specific  graviUf^   1*48.     Both  at    141*1 
(6r0°  0.*).     Vapm-  dmstty  (ai>=  1)  4-20. 

Prtparation, — (1.)  By  the  action  of  cMorineon  methane, 
(2),  (Commorcial  method.)    By  distilling  together  1  part  of  ali 
f irood  spirit  being  eometimos  employed),  6  parta  of  chloride  of 
aa  d  2  4  p  arts  of  w ater,    Tk^  difelTiiBA^  omm-Wc^  qI  -^  «iue^T  ^aa^  chlorofl 
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on  standing,  separates  into  two  layers,  the  water  being  above, 
e  chloroform  below.  The  exact  reaction  is  doubtfuL  Pro- 
a)  chloral.is  formed  in  the  first  stage,  and  (/3)  in  the  next  stage 
oiposed  by  the  calcic  hydrate ;  thus — 

=  6HC1  + 

=    Hydrochloric  acid    -j* 


35(0H)  + 

Icohol        + 


401, 
Chlorine 


cajCOH. 

Chloral. 


:Cl3C0H+ 

hloral        + 


CaHA      =      Ca"(CHO«)j      +     2CHCI3. 
Calcic  hydrate  =s       Calcic  formate       -j*      Chloroform. 


loroform  is  afterwards  piirified  from  certain  oils  that  distil  over 
rith  it,  by  being  shaken  up  with  oil  of  vitriol,  on  which  the 
)rm  floats.  It  is  then  drawn  oS  from  the  acid  and  again 
i. 

eriiea. — (a.)  Physical  A  colorless  liquid,  having  a  fragant  odor 
weet  taste ;  specific  gravity,  1*48.  It  is  insoluble  in  water. 
Chemical.  Chloroform  bums  with  difficulty  with  a  greenish 
Sulphuric  acid  has  no  action  upon  it ;  boiled  with  nitrio  acid 
ls  ehloropicrin  (nitrqtrichloromethane)  [C(NOg)ClaJ,  a  colorless 
having  a  specific  gravity  of  1*6,  and  boiling  at  233-6^  F. 
i.).  Boiled  with  a  solution  of  potassic  hydrate  it  forms  potassio 
)  and  formate  (CHCl3+4KHO=3KCl  +  OHO(OK:)  +  2H20). 
leated  with  potassium  amalgam,  acetylene  (CsHj)  is  set  free, 
i  in  a  current  of  chlorine,  it  forms  CCI4. 
— ^As  an  anaesthetic.  For  dissolving  caoutchouc,  and  for  ex- 
;  the  alkaloids  from  organic  matters. 

{See  Supplementary  Chapteb.) 
The  Olefines. 

Series  II. — Formula  CnHg^. 
bllowing  hydrocarbons  of  this  series  have  been  obtained  : — 


iMelting  point. 

Boiling  point. 

Pormiila 

"F,  1  ^a 

^F. 

«a 

(crtheBfi).. 

CA 

See  page  229. 

s  (propcnej 

c'n' 

C,H,, 

—0-4 

33-8 
M 

—18 

I 

35 

A  0Qlt>deai  liquid. 

(ieJEteae) 

C^„ 

149 

es 

e  (neptene) 

C,H„ 

204-8 

96 

(octene)  - , 

S»5« 

248 

120 

(Qoiiene) 

284       , 

140 

16      « •       *  * 

462 

160 
250 

Mdecoiw) 

cX 

. 

027 

276 

me  »«     .. 

C«H*f 

762 

400 

a           •  •          •  ■ 

^yi 

134-6 

57 

(?) 

4           »  * 

c^^jUB'Bj  m  j 

707         Zn{Y) 

\        _ 
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Preparation  of  the  Olefines  (General)— l.  Ftodi  the  a/cc/i 
series  C^n.^a^iOII.     By  ahatracting  the  elements  of  water  by  deb; 
drating  reagents,  eucli  as  sulphuric  acid.     Thus: — 

CeH,.OH  =  CjH^  +  H^O* 

Ethylic  alcohol  ^  Ethylene  -}-  Water, 

2,  ^rom  the  parajinfi,     (a.)  By  the  action  of  lime  or  potaaeic  hy- 
drate on  their  mono -haloid  derivatives.     Thus :— 

C.Hgl      +     KHO    ^      e^Hg      +       El      +     HoO. 

lodotetrane     -h     Fotasaic    ^    Butylene    +     PoUssic     +     Water, 
hydrate  iodide 

(/3.)  By  the  action  of  sodium  on  a  mixture  of  a  mon-iodo-pamffis 
and  a  mon-iodo-olefine* 

(y,)  By  the  decomposition  of  a  mon^iodo-paraflfin.     At  tlie  momi 
that  the  monad  radical  is  set  free,  its  transformation,  by  the  acttoo 
rinc  or  sodium,  into  the  dyad  radical  and   the  hydride  of  the  moi 
radical,    may  be   accomplished.    This   is   seen  in  the  formation 
ethylene :— 

2C2H,I    H-      Zn      =       C2H4 

Ethyliti      -j-      Zinc      —      Ethylene 
iodide 


+ 


Ethylie 
hydride. 

(^,)  By  the  action  of  a  mon-iodo-paraffin  on  a  sodium  compound ( 
the  same  radical.     Thus  : — 


Znlj 

Zincic 
iodide 


C,H,T 
EihylJc 


-I-        Sodium    t^      Ethyleoe       + 


Nal 
Bodio 
iodide 


+    an.H. 


Ethylie 
liviMde. 


cmyli 

iodide  ethyi 

3,  From  other  simpler  hydrocarbons  by  direct  synthesis.     Thus :—  J 
(a.)  C.H^  -t-  H^  =  CgH^. 


-2^  ^'2 

Acetylene 

(/?.)    2CH, 

Methane 


Ethylene. 


-f  Hydrogen  ^ 

+  CO  =       C,He 

-f      Carbonic  oxide      =•      Propylene      +      Water. 

4>  From  acids  of  the  0„II.^.„  (CO.OH).  series,  by  electrolysis. 

Properties  (^'^"^'w^O^a-)  PliiimnL    The  lower  members  of' 
series  are  gaseous  ;  the  higher  are  solid  ;  the  intermediate  ones 
liquid. 

(73.)  CItemiad.  The   olefines  are  dyad   radicals.     Thus  they 
with  two  atoms  of  the  haloids  (aa  C^H^Br,,),  or  with  one  of  oxygea  \ 
C^H^O).     They  unite  directly  with  the  haloids,  forming  compou 
which  are  decomposed   by  an  alcoholic  solution  of  potassic  hy<3 
Thus:— 

C^H.Cls      +      KHO      ^       KCl        +      H^O      +    QH^v 

Ethylene       -f       Potassic       ^      Pot^aic       +       Water       +       Chlor- 
dichluride  hydrate  chloride  ethylene.  | 

Tho  compound  C^Hpl  may  be  made  to  combine  with  Ch  to  fofl 

the  compound  C^H  f'A  ^  ^\i©ti l\n&\»  ^^com^'^Q^sft^^V^k^ijiobolic  pot 
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it  forms  the  compound  CsH^Cls.  These  operations  may  be  repeated 
until  C2CI4  is  formed,  which  body  will  also  combine  with  CI2  to  form 
the  solid  *«  per  substituted  "  paraffin,  CgClg. 

By  the  action  of  alcoholic  potash  on  a  monochlorinated  (or  mono- 
brominated)  define,  a  hydrocarbon  of  the  series  CnHgn-s  is  formed. 
Thus:  — 

CgHjBr       +    KHO     =     KBr      +    H^O    +      CgHj. 
Brometbylene     +    Potassio    =    Potassio    +    Water    -f    Acetylene, 
hydrate  bromide 

With  strong  sulphuric  acid,  certain  of  the  defines  form  ethereal 
salts,  or,  as  they  are  called,  acid  ethers  of  sulphuric  acid  (as 
CaH4+E[4S04=C2H5.H804).  These,  when  heated  with  water,  are 
decomposed  into  sulphuric  acid  and  the  mon-atomic  alcohol  cor- 
responding to  the  define  (thus  C2H5.HS04+H20=H2S04+CaH5 
(OH)  ).  With  fuming  sulphuric  acid,  such  defines  form  sulpho-acids 
(not  acid  ethereal  salts),  which  sulpho-acids  are  not  decomposed 
by  water. 

A  parafiin  cannot  be  formed  directly  from  an  define  by  the  action 
of  nascent  hydrogen ;  nevertheless,  such  a  change  may  be  effected 
indirectly.  Thus  by  heating  ethylene  iodide  (C2Q4I2)  in  closed  tubes 
far  some  hours  with  water,  ethane  (C^Hg)  is  formed  ;  this  conversion 
being  due  to  the  hydrogen,  set  free  from  the  decomposition  of  one 
portion  of  the  ethylene  iodide  (a),  acting  on  a  second  and  undecom- 
posed  portion  (/3).     Thus : — 

(o.)  CJH4I2   +     4H2O     =         6H«         +       2CO2       +         I«. 
Ethylene    +      Water      =      Hydrogen      +      Carbonic      +      Iodine, 
iodide  anhydride 

03.)      CjH^Ij  +  Hg  =      CjHe       +        1^. 

Ethylene  iodide        +        Hydrogen        =        Ethane        +        Iodine. 

The  olefines  form  monochlorinated  monohydric  alcohols  with  hypo- 
ehloroos  acid  (a),  which,  by  the  action  of  nascent  hydrogen  may  be 
oonverted  into  the  corresponding  alcohols  (/3).    Thus— 

(a.)  C4H4  +  ClOH  =  C2H4C1(0H). 

(/3.)  CjH4a(0H)  +  BL,  =  C^H^COH)  +  HCl. 

Lastly,  the  olefines  may  exist  either  as  saturated  hydrocarbons  or 
u  dyad  radicals,  the  difference  depending  on  the  linking  of  the 
earbon  particles.     Thus  we  may  represent  ethylene,  either  as 
H       H  H       H 

C==0  or  — C C— 

k  k        k  k 

Saturated  or  as  a  dyad  radical. 

Acetylene  Series. 

Sebibs  m. —Formula  CnHon-^. 
This  inchide0  ibe  fallowing  bodiea,  Isomeric  modi&catipDLtt  oi  xno^ 
}fwluck  sr0  known : — 


sae 
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NAME. 


Formula. 


Bcniiog  poiBL         ■ 

F. 

eg 

64*4" 

1 

113*0» 

4$0' 

136-4' 

68a* 

302-0* 

160* 

Acetylene  (ethine)    . . 
Allylene  (propine)    . . 
CTOtonTleue  (qaartine) 
Valerylene  (ijuintiae) 
BkllTl  (aextme) 
EutyWe  (decine)    . . 


Preparation  of  the  Acetylene  Series  (Geaeml),—i.  From  the 

olefines, — By  acting  on  a  mono  haloid  derivative,  either  with  alcoholic 
potash,  or  with  eodic  ethylate,  at  a  temperature  of  302^  F.  (150°  C) 

(a.)  C^H.Br  +  IiHO  =  KBr  +  HgO  +  C.H^. 

03,)  CgHaBr  +  CoH^NaO  =  NaBr  -f  C^H^toil)  -h  CgHg. 

2.  From     the    acids    of  the  maleic    seiiei   [C5,H£o_5(COOH)4], 
electrolyfiiB  :— 

C,H,0,      =      O3H3      +  2C0,  +         H,. 

Fumnric  acid    ^    Acetylene     +     Carbonic  aDhydzide     +     Hydrogen, 

Properties. — («•)  Physical — Acetylene  and  allylene  are  gases;  1 
rest  are  liiniids, 

(/3.)  Cfttfmica/,— The  acetylene  series  may  either  exist  in  a  free  stati 
or  they  may  act  aa  di^aleEt  or  quadrivalent  radioaU,  thus — 

H     n 

H— C^^'.C^H  ;  C==C  ;  H— C C— H 

.11  II 

Saturated,  Divalent  radicaL  Quadrivalent  radicaL 

Thus  OgH^  can  combine  with  the  haloids  to  form   Cj^HoBrg  aj 
OsH^Br^. 

Turpene  Series, 

Series  lY,^Formvta  C^H^^^j, 


Of  this  aeries  two  terms  only  have  been  prepared  synthetically. 

Formula. 

Boihog  poinL 

J 

F, 

C. 

Quintoao  (valyleue) ,  ♦ 
Decona      

C.H, 

cX 

140^ 
320° 

60^  \ 

lea*  J 

PrepftTcd  by  the  actioii 
potAMic       hydrat*     1 
valorylpne         dibroaaj 
(t'i0,B''J  and  rutyk 
dibromido  (C^^^H^Br)! 
^ectively. 

(See  ^IS^Bl.EMEJSlTKBL'l  QlBi^XBR.^ 
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The  Aromatic  Series— The  Benzenes. 
Sebies  v. — Formula  G^^E^^. 
This  includes : — 


Fonnula. 

Boiling  point. 

F.° 

C.° 

Benzene     

C.H, 

176-9 

80-6 
110 

An  isomer  is  known  called 
JHpropargyl, 

Tolaene  (methylbenzene) . . 

C.H,.CH, 

230  0 

Xylene  (ethylbeniene)     . . 
(Mhoxylene  )     ^"*""'« 

C.H(CH,t 
clHltCH',): 

2750 
276-8 
280-4 
286-8 

135 
136 
138 
141 

Xylene  of  coal  tar  oil  is 
principally  metaxylene. 
By  oxidation  it  yields 
tnetatoluie  acid. 

Propylbenzene 

Iflopropylbenzene 
Ethehnethylbenzene 
Meaitylene       )Trimelhyl- 
Pieiidocumene  >   benzenes 

c'H*(CkJ(C.flJ 

C,H,CH,), 

C.H,(CHJ, 

314-6 
303-8 
3200 
3*25-4 
330-8 

167 
161 
160 
163 
166 

Cumene  (mesitylene  of  coal 
tar  oil)  may  be  obtained 
by  heating  acetone  with 
sulphuric  acid:  — 
3C,HeO=C.H,,+3H,0. 

Iiobutylbenzene       . .     . . 
Pwpylmethylbenzene 
laopropylmethylbenzene  . . 
Diethylbenzene        . .     . . 
Ethyldimethylbenzene     . . 
Tetramethylbenzene 

C.HjdSj(CH,), 

c,H,(cbj; 

3200 
364-2 
348-8 
364-2 
363-2 
374-0 

160 
179 
176 
179 
184 
190 

Cymene  has  been  obtained 
synthetically  in  all  its 
forms  except  modifica- 
tion (a.). 

Ifotmjlbenxene        . .     . . 
Isopropyldimethylbenzene 
Diethylmethylbenxene     . . 

C,H,fC^„)G30 

379-4 
370-4 
352-4 

193 
188 
178 

IwMunylmetbylbenzene    . . 

C.H,(CH3)(C.H„)(/3.) 

416-4 

213 

laoamyldimethylbenzene. . 

C.H,(CH3),(C,Hj,)(0.) 

461-4 

233 

General  Preparation  of  the  Benzenes.— (i.)  The  benzenes  may 

be  obtained  firom  coal  tar. 

(2.)  By  the  action  of  sodium  on  a  mixture  of  a  moniodated  paraffin 
with  a  brominated  deriyatiye  either  of  benzene,  or  of  an  homologous 
hydrocarbon : — 

C«H2„+,I+C.H2„^7Br+Na,=C,H2„_7.aHjj„+,+NaI+NaBr. 

Properties  (Oeneral), — This  group,  most  of  the  members  of  which 
may  be  obtained  from  coal  tar  naphtha,  and  may  also  be  prepared  syn- 
.flietieally,  is  called  the  aromatic  group,  on  account  of  the  fragrant  odor 
of  many  of  the  series.  As  a  class,  the  benzenes  are  very  stable  bodies, 
and  are  remarkable  for  the  numerous  isomers  and  metam^tE  \!iEi«.\>  ^<^ 
▼arioiis  terms  affordi  toluene  standing  almost  alone  in  tiiie  aoxvoa  *va 
liaving  no  isoioant 
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The  aromatic  series  act  as  saturated  molecules,  forming  substitution 
rather  than  additive  compomiids,  differing  in  this  respect  from  the 
former  groups  we  have  cunsidered^  the  tendency  of  which  was  rather 
to  form  additive  than  substitution  compounds. 

The  constitution  of  these  hydrocarbons  is  important.  They  all 
contain  a  group  of  6  carbon  atoms ;  24  (6  x  4),  therefore,  is  the  total 
combining  or  atom-fixing  power  of  the  G  atoms.  But  1 8  of  this  2  4  power 
is  occupied  by  the  combination  of  the  carbon  atoms  with  each  other, 
leaving  only  a  power  of  6  to  be  filled  up  to  form  a  fully  saturat*^ 
molecule.  Thus  Cgll^  may  be  regarded  as  a  fully  saturated  hydro- 
carbon.    This  is  shown  in  Fig.  1 : — 


H   H 

I      I 
0=0 

/       \ 

H— 0  C— CH, 

I  I 

H  n 

Fig.  2. 


1       I    * 

c=c 

/    \ 

H— 0  0— CH, 

\v       // 
C— 0 

I  I 

H  H 
Fig,  3. 


H  H 

I      1 
0=0 

/      \ 

H— 0  0— H 

^.     ./ 
0-0 

1  I 

H  n 

Fig.  1. 

It  will  be  seen  how  other  bodies  may  be  derived  from  this 
pound  by  the  substitution  of  more  or  less  complicated  molecides  in  1 
place  of  the  hydrogen,  as  in  Fig.  2,  which  represents  toluene,  or,  I 
in  Fig.  3,  which  represents  mesitylene  (cumene). 

The  table  on  page  637  exhibits  some  of  the  numerous  isomers  of  tli 
aeries.   We  shall  note  isomeric  compounds  made  up  of  the  juame  group 
as  €.0.f  3  dimethyl  benzenes,  ^^^[^(CH^)^,  as  well  as  isomeric 
pounds  made  up  of  different  groups,  such  as  ethjlhenzem  (Q^^{Q^ 
and  dmethf/lbcmene  (C^HJfCHs}^.     The  nature  of  these  hyd 
is  to  be  specially   inferred  %   their  hehnvmir  on  oxithtioUf   as 
treated  with  dilute  nitric  or  chromic  acids.  The  following  facts  on  I 
point  must  be  noted  :  — 

(1.)  Benzene  forms  no  oxidation  products  that  contain  6  carb 
atoms.     It  may  be  burnt  and  form  H.^O  and  CO^.     It  may  also 
made  to  form  benzoic  acid  (C-IIt^iOc;)  or  phihtdtc  acid  {0^11,^0^), 

(2.)  All  the  derivatives  of  benzene  formed  by  the  replacement  < 
one  atom  of  hydrogen  by  the  group  C^IIg^  +  i,  such  as  tnethy}heHU\ 
Q^U^iGRr;),  propyJbemene,  C^Jl^{Q^ll^),hutyni€aitm,  CgHjtC^Hy),  am^h 
benzene,  Ccn^fC^Hii),  etc,  yield,  by  oxidation,  one  and  the  same  acid 
vu.f  benzoic  acid  (C^H^Oj). 

(3.)  The  derivatives  formed  by  the  replacement  of  H^  by  two  group 
of   the   formula  r?„IIo„^„   such  as   dimetht/lbcnzenef    CcMJCUi)^ 
dietJti/ibetizme^   (C^llj^fCgHs)^,  produce  by  oxidation,  in  the  first   ii»H 
fltanoe  an  acid  of  Iho  benzoic  acid  series,  whilst  the}'^  all  finally  yielo 
the  same  ajcid,  vU.y  l^TepWiulic  acul, C^Xi^V^ViQ^^^, 
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(4.)  The  deriTfttives  formed  by  the  replacemeTit  of  H3  by  3  groups 
of  the  formula  C^H^^i,  such  aa  fnmeth^lbenzene,  (.\(E.J,C'E[^)^t  etc., 
yield  on  oxidation  as  their  final  product  mesitic  add,  C5Hs(C00H).,. 

The  molecular  constitution  of  these  bodies  may  be  further  in- 
ferred by  their  synthetical  formation.  Thus  met  hf/ 1  benzene  or  Udume 
C(5H5(CH5)=(C7Hb)  le  obtained  by  the  action  of  sodium  on  a  mix- 
ture of  methyUc  iodide  and  bromobenzene ;  ethiflhenzene  or  xylene^ 
C^nJ{Q^^)^(i.\Tl^^^)  is  obtained  by  the  action  of  sodium  on  a 
mixture  of  etkyliv  iodide  and  bromobenzene ;  whilst  dimethylhenzene, 
C6H>'^CHi)2=(C^Hjy)»  an  isomer  of  xylene,  is  formed  by  the  action 
of  sodium  on  iodomethane  and  di bromobenzene. 

Chlorine  and  bromine  form  substitution  and  Btdditive  compounds 
with  benzene  in  the  presence  0/  iodine.  The  iodine  acts  in  such  cases 
as  the  carrier  of  chlorine,  that  is,  the  chloride  of  iodine  forma  moniodo- 
enzene  with    the   benzene,    and  this,  by  the   action  of    a  further 

»rtion  of  iodine  chloride,  is  converted  into  chlorobenaene.    Thus — 

t(a.)  c^He    -f       Oil       -     c,n,i     +         nci. 

BeDKeoe    +     Iodine  chloride  =    lodobeiusene    +     Hydrochloric  acid. 
lOJ.)      CfiHjI       +  CU  =        CfiHjCl       +       Is.  I 

lodubeiizene     +     Iodine  chloride    =;     Chloro benzene     +     Iodine. 

lodobenzenes  may  be  formed  by  the  action  of  iodine  on  benzene  in 

ke  pre^*^nre  0/  iodic  add.    The  iodic  acid  decomposes  the  hydriodic  acid 

soon  as  formed.     If  iodic  acid  was  not  added,  the  hydriodic  acid 

would  decompose  the  iodo  derxYative,  by  withdrawing  iodine  from  it 

and  replacing  it  by  hydrogen.    The  following  equations  will  explain 

this:— 

(1,)  Without  iodic  acid !  C6H5l  +  III=CoH(j+l5. 
(2.)  With  iodic  mid;  C6H^I-h6HI  +  niO,=C5H5l  +  3HaO  +  3l^,. 
On  Uduene  in  the  cold^  chlorine  forms  the  stable  compound  ekloro- 
ohene  (CVH^Cl),  which  is  unacted  upon,  either  by  nascent  hydrogen 
by  fusion  with  alkalies.  On  b< filing  toluene ,  chlorine  forms  henzylic 
iMtride  (CjH-^Gl),  a  body  having  the  same  composition  as  chlorotol- 
Vuefiie,  but  diifering  from  it>  in  that  nascent  hydrogen  changes  it  to 
Itoluene,  and  alkalies  readily  decompose  it.  On  boiling  iolvenc,  howevet% 
!•»  ihe  presence  0/  iodine ^  the  stable  body  chlorotohieiw  is  formed,  which 
I M  we  have  said,  is  singularly  unamenable  to  the  action  of  ordinary 
I  leiigents. 

Witli  strong  nitric  acid  the  benzenes  form  nitro  derivatives  [C^ll^ 

+HI^O3:^H^0  +  n5H5(N0,)].     With  sulphuric  acid  they  form  sul< 

"onic  acids  [C6n«^4-n.s64=naO  +  CV,H5(HS03)] ;  and  with  hydri- 

l«dic  acid,  aided  by  a  continuous  heat  of  536'^  F.  (280°  C.)  they  are 

I  Averted  into  the  corresponding  paratRns. 

Benzane. — Bemol ;  bicar buret  0/  hj/drogen ;  phenytic  hydride  (CgHg), 
\[Mi>Ucular  weighty  78.     Moltcjdar  volufne^   Qj  •     ^<J»'«»  dt   \l^'^/^'£» 
f(«0  0^  C.).] 

^t/>ar&//a».^(J.}  By  the  action  of  heat  oa  ai^etyleuQ  (vjiC^JL^- 
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(2*)  By  tlie  distillation  (a)  of  benzoic  acid  with  lime,  or  (/3)  by  w 
action  of  heat  only  on  beazoic  acid  :— 

(a.)CfiH5(C0,0H)+Can40s=:       CaCOj         +  H^O    +      OgHe.      I 

Benjsoio  iiojd      +     lime    ^  Cdcig  Carbomit©  +  Wuter    -J-     BcMene,       ■ 

(13.)    €fiH,(C0OH)  =  CO,  +        CfiHfi. 

Benzoic  acid        ^        Curbooic  anhydride        Hh        Benxene. 

Its  preparation  from  that  portion  of  the  coal  tar  boiling  below 
180'' F.  {S2-2''Q.),  has  been  already  referred  to  (page  500). 

Properties, — (a.)  Pht/sicaL  A  colorleM,  inflammable  liquid  of  high 
refracting  power,  having  an  ethereal  odor  and  a  burning  taste.  Its 
8p.  Gr.  at  0^=  0.  is  0-899.  It  boils  at  176-9='F.  (80-5°  O.)*  and  solidifies 
at  41*9'^  F.  (5'5°C*)  to  a  white  crystalline  solid.  It  is  insoluble  in 
water,  but  is  soluble  in  alcohol  and  in  ether,  and  is  a  solvent  for  iodine, 
sulphur,  phosphorus,  fats,  resins,  etc.  When  its  vapor  is  pajssed 
through  a  porcelain  tube  heated  to  bright  redness,  it  is  decomposed 
Into  the  gases  hydrogen  and  avctijlene  ((J^H^),  into  the  liquids  diphent^l 
(CicHjn)  and  chrysene  (C,aH,g),  and  into  an  orange-colored  sohd 
called  hemert/threne. 

(j(3.)  Chemkah  With  the  haloids,  benzene  forma  both  additive  and 
substitution  compounds.  As  illustrations  of  the  additive  rompoundi 
that  it  liirms^  we  have  benzene  hexachloiidt:  (CgHgCl^)  and  hemene  htxa- 
bromide  (Q^Hfi^r^)*  both  of  which  are  solid  bodieSj  formed  by  the  action 
of  sunlight  on  a  mixture  of  chlorine  and  benzeno*  As  illustrations  of 
suhetitution  compounds,  we  have  monochlorobenzene,  CfjII^Cl,  and  aUo 
the  compounds  Cgn^CIo,  CgH^CI^,  etc. 


Some  of 
table  :— 


the   benzene  derivatives   are   stated    in    the   following 


Formula 

Boiling  point. 

Melting  point 

"F. 

^•c. 

*  P. 

*c. 

Monochlorobeazene 

Bichlorobeuzeno 

Triehlorobonzeno        

Tfitnachlorobenzetio 

Penlacblorobenxeno  , ,      , . 

Hcxttchlorobenzene 

Moaobromoberi3!eii© 

DibrQmobenz&ne 
Trib  ro  raob^nzen© 
Tetrabromobenxene  ..     ..     ., 
The  iodob«uxene8  are  aimikr  to 
the  above. 

Nitrobcnxeoe      

f  Aj^idal  oil  of  almonds.) 
DimtroboQ^ene 

C,H,Br, 

276*8 

339ft 

4028    I 

464*0 

521-6 

618-8 

6270 

13a 

171 
206 
240 
272 

27o 

—40 

+  127*4 
62-6 
282*2 
1850 
438*8 
302*0 
417-2 
111*2 

-40 

^!? 

189 

IfiO 

214 

44 

The  chlor-benzenes  are  formed  by  passing  chlorine  into  a  solutioo 
of  iodine  in  benzene,  tiiQ  iodVu^  a^Aiiu^  ba  «^  ^i^xmx  ^1  ^Csaj^  ^biorine  to 
the  beuzone. 


BENZBNES, 
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The  benzene  haloid  deriyatives  are  very  stable  bodies.  Unlike 
the  parafi&n  deriyatiyes,  they  are  unaffected  by  nascent  hydrogen,  or 
eyen  by  fusion  with  potassic  hydrate.  With  hypochlorous  acid,  ben- 
zene forms  the  additiye  compound  C6H6(C10H)3,  which,  by  the  action 
of  water,  forms  a  non-fermentable  body  called  **pheno8e,"  having  the 
same  composition  as  grape-sugar.  When  this  body  is  dissolved 
in  fuming  nitric  acid,  and  water  added  to  the  solution,  nitrobenzene 
(CaH^NOc),  or  artificial  essence  of  bitter  almonds,  separates,  which, 
by  the  action  of  reducing  agents,  yields  aniline. 

Toluene. — Methylhmune  {C^'R^^^O^^.CR^.  [_Molecular  weight,  92. 
BoiU  at  230°  F.  (110°C.).  Not  solid  at  —4°  P.  (— 20°a).  Specific 
gravity,  0'881  at  41°  F.  (5°  C.).] 

Preparation, — (1.)  From  coal  tar  oil.  (See  page  497.)  It  is  con- 
tained in  that  portion  boiling  between  212°  and  248°  F.  (100°  and 
120**  C). 

(2.)  By  the  action  of  sodium  on  a  mixture  of  bromobenzene  and 
methyl  iodide.    Thus : — 

Ci^jBr      +     CH3I    +     Nag      =  NaBr  +    Nal  +C6H5.CH3. 
Bromobenzene    +    Methyl    -f-    Sodium    =    Sodic    -f    Sodic    -f    Toluene, 
iodide  bromide         iodide 

(3.)  By  the  action  of  methane  in  a  nascent  state  on  benzene. 

Properties.— A  limpid  liquid.  Sp.  Gtr.  0-881  at  5°C.  Boils  at 
230°  F.  (110°  C).  Chemically,  it  behaves  very  like  benzene,  yielding 
benzoic  acid  when  treated  with  oxidising  agents. 

Two  isomeric  derivatives  are  formed  in  almost  every  case  by  the 
action  of  reagents  on  toluene. 

Sekies  VI. — Formula  OnHgn-e  Series. 
This  indndes : — 


1 

Boiling  point. 

-F. 

'^C. 

Qneuiwne. .     . . 

C.H. 

293 

145 

Preparation. — (1.)  By  passing  the  Tapors 

^l.      (Styrolene) 

of  benzene  and  acetylene,  or   (2.)   of 
benzene  and  ethylene,  through  a  red- 

1 

hot  tube.     (3.)  By  heating  acetylene 
(4CaHjp::C.H.).     (4.)  It  is  pre^it  in. 

•1 

and    may    be    obtained    from,  liquid 
Btorax. 

vm 

Properties. — A  colorless  liquid.     It  does 

■f 

not    solidify    at  —4°  F.   (—20°  C.) 
Heated    in  closed    tubes    to   392°  F. 
(200°  C.)  it  is  converted  into  a  white 
solid  metacinnameney  which  yields,  on 
distillation,  liquid  cinnamene. 

1 

^Ibennm.     .. 

C,H„ 

338 

170 

Preparation.—By  the  action  of  nascent 

*«VH»t,UBe.. 

hydrogen  on  cinnamic  alcohol. 

^ ^ 

C|0Hjj 

Preparation. — By  the  action  of  8od\>]aiL  otl 

a   mixture  of   benz^Uo  cblotv^  oxA 

»ii* 

/ 

1 

i 

allylic  iodide. 

oaf' 

^                   / 

1           1 
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Seeies  YIL— Formula  CnH^_,„  Beriea 

This  includes, 

Acdenylhtniene  {Q^^)  a  colorless  Hrjtiid  boilinpf  at  282*2° 
(139*^0.).  It  is  prepared  by  the  actio  a  of  an  alcoholic  solution  of 
potassic  bj'drate  on  cinnameno  dibromide  (C8HgBr2  +  2KnO=n^,H,5 
+  2KBr-h2HoO),  Lilse  acetylene  it  precipitates  many  metaUig_ 
solutions. 


The  Naphthalene  Series. 
Seeizs  TTn.— Fo/wWfl  CflHen-ir 


H 


Thia  includes :  — 

Boiling  poiot. 

\ 

op. 

^a 

Naphthalene 

Methyl  DHphtholcue. , 
Elhyl  napbthatene  .. 

c.„n. 

C„H,^C,„H,{C,H,) 

413-6 
447-8 
483-8 

212 
231 
231 

Naphthalene  {CiuHe). 
Occurrence  and  Preparation— (i.)  Naphthalene  is  a  bye-produti 

in  the   preparation   of  coal   ^as.     In    distilling  coal  tar,  the  lattar 
portion  of  the  distillate  contains  a  large   quantity  of  naphthalenei 
It  is  produced  whenever  organic  matter  is  distilled  at  a  high  teo 
perature  out  of  contact  with  air,  or  wheaever  the  vapours  of  benzen^I 
cinnameae,  chrysene  or  anthracene   are  passed  throngh   a  red-ball 
tube. 

(2.)  By  passing  the  vapour  of  dibromophenylbutylene  over  red-hol 
Hme  CC,oHi.Br.=Ci^,HB+ H^  +  2nBr). 

Properties*— («>  Pk^sicaL — A   white  eolid  body,  crystaliiKing 
brilliant  scales.     It  has  a   faint  narcissns-like  odour.     It  melt^ 
176°  F.  (80*^  C.)  and  boils  at  413-6^  F.  (212°  C.)    Ita  vapor  densit; 
is  4 '528.     It  is  insoluble  in  cold  water — slightly  soluble  in  boili 
water— very  soluble  in  alcohol,   in  ether,  in  acetic  acid,  and  in  tb* 
volatile  oils. 

(/3,)  ChemicaL — It  bums  in  air  with  a  red  smoky  flame.  It  forfl^ 
with  chlorine  and  with  bromine  both  additive  and  substitution  coici' 
pounds,  such  as  CujUaCl^  and  OjoHyCl^  etc»  By  oxidation  it  yieU 
(imaphth/l,  C30H14,  and  phthatic  acid  CaH^O^.  It  is  solable  in  etrofl 
sulphnrio  acid,  forming  two  isomeric  ndphthaUiie'Sulphonic  ^^^^Jj 
CjoHyCHSOj)  both  oi  wliVtbL  fcim  ftcMciY^  \i^m  %alta.    Nitric  m^ 


AKTHKACENES. 


543 


,  firsts  into  a  crystalline  solid  nitronaphthalejit  C„,TIjNOoj  and 
ImiWy   into   Uttmiilronaphlhidtnt   Oi(,n,j(Nll.)t^     With  »i   sulmiun   of 
omic  anliydrido  in  acetic  acid,  it  forms  wtphtha^qninom  Cj^IIgOg. 

Series  TS^— Formula  C^TL^.j!  Series, 
fhia  includea  : — 


Acenjiplitliene. 


MeLiing  point 


i40'0 


2030 


60-0 


95*0 


BoHiBg  Point. 


F. 


4tJ4'0 


514*4 


2400 


268-0 


I*rfpQrathn. — By  pAsring 
bcD^ene  ttirougli  ft  red'liot 
tube  ^•2r.H.^-,^„+HJ. 
By  oaridatioTi  it  forms  hensoia 
atid.  It  fiublixnes  at  140*  F. 
{60"  C),  It  is  (jontamed  in 
tOftl-toTi  and  distils  over  in 
that  portion  that  boila  be-* 
hreen618*und57*i'*F.  (270^ 
and  300^  C).  By  oxidation 
it  forma  naphthallc  odd, 
wbicli,  when  distilled  with 
^  limo,  yields  naphikaiM^. 


Diph<»nyl  tnethftne . . 
(BoiiSBvl  bi>TJ!tenc) 


79-7 


2G-5 


601*8 


261^0 


Preparntion.  —  By  the 
action  of  bent  on  a  mLtttjre 
of  ben;;ylic  chloride  and 
benxene  {CAi.-^i\YLT\= 
HC14-C,,H,,).  [The  pr^ 
ienoe  of  a  little  Kinc  and 
^.f^.v.^r  f<,,;i ;►,.♦..  ♦!.,-.  ..-t}on,j 

1  fliO- 


Ditolyl(a)      .,     ,. 

lyA.    .  ,--.1  _         ^^ 


2493 
Uq 

125-6 

Uq 


121-0 
uid 

520 

uid 


543-2 
534-2 


2810 
277-0 


Preparntion.  —  By  the 
action  of  sodium  on  benzylic 
chloride*  It  is  insoluble  in 
water,  bat  is  soluble  in 
alcohol  and  ether. 


Bonieyl  ethylbenzen© 
BcMijBjl  tnetaxylene  . 
Beoxyl  paraxylene . . 


liq  11  id 
li<l|uid 
liquid 


561-2 
563-0 
501-2 


294-0 
295  0 
294-0 


ccepting  aoenaphthene,  all  these  bodies  act  a^  satturated  mole- 
I  and  form  substitntion  but  not  additive  compoimde. 


Ilia  incladea ; — 


The  Anthracene  Series. 

Sekies  X. — Formula  C^B.^^^^* 


Melting  point. 

Boiling  point 

•F. 

•c. 

1  •».  \  'o. 

IP™       / 

415-4 

213 

\    ms  \    ^^ 
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Anthracene   (Paranaphthahne.)    (Hi^Hk,)    Molecular    weight     17 
Spt'cifir  gravity  1*147.     Melts  at  415-4"*  F.  (213^  0) ;  boas  at  68CP 
(360^00   * 

Preparation, — (1.)  It  ia  obtained  commerciallj  from  the  6< 
solid  portion  of  the  coal  tar  distillato,  which  comes  over  at  from  64 
to  752"*  P.  (340^  to  400"^  0/)  It  is  important  to  note  that  when 
distilled  at  the  lower  temperature,  the  anthracene  is  mixed  with 
naphthalene,  but  that  when  distilled  at  the  higher  temptraturt  it 
mixed  with  chrysene  and  pjrene,  these  latter  being  the  final  produci 
of  the  distillation  of  coal  tar.  Inasmuch,  however,  as  anthraoene  is 
valuable  commercial  product  used  in  the  preparation  of  artificial 
alizarine,  and  that  alizarine  cannot  be  produced  either  firom  naphtha- 
lene or  from  chrysene,  the  exact  relation  of  anthracene  to  these 
bodies  becomes  important. 

(2.)  By  passing  benzene,  mixed  either  with  (a)  ethylene,  y) 
with  einnamene,  or  (yj  with  naphthalene  vapOFi  through  a  red  ho* 
tube : — 


.1  T 


Beazene 


+ 
H- 

+ 
H- 


0,H,  = 

Ethylene  ?= 

Cinniimene  = 

Naphtholeno  ^ 


3H. 

Hydrogsn 

2H, 

Hydrogen 

3Hrt 
Hydrogen 


+ 
+ 


AothiaceEO 
AnihraeeBe, 
Anthracene. 


Hydrogea 
Benzene 


AniLract?ne. 
AQthracead.  i 


(3.)  By  the  action  of  heat  on  a  mixture  of  (a,)  ethylene  and  diphOTjl  1 
or  (/3.)  of  ethylene  and  chrysene  : — 

Ethylene         *f         Biphenyl         :s: 

03.)     C,H,       +       0,bH,j        = 

Ethylene        H-         Chrysene        ^ 
(4*)  By  the  action  of  heat  on  toluene,  xylene,  or  cumene. 
(5.)  By  the  action  of  heat  oo  benzylic  chloride  i — 

407H,ci     =     c,,H,o    +      c„n„      -i-       4noi. 

Benjtyhc  chloride    ^    Anthraeeno     -f     Benzyltoluene     4"     Hydrochlorio  atiid* 
(6»)  By  the  action  of  heat  on  a  mixture  of  alizarine  and  jtinc  du 
Probably  some  of  the  alizarine  ia  decomposed  and  hydrogen  set  fx^ 
The  action  may  be   formulated  thus  : — 

C,4H^,0^  +         H.        4-    4Zn  =      0,,H,o      +       4ZnO. 
AUzarine    -f-     Hydrogen    -j-     2ino    :^    Anthraoeno     +     Zincic  oxide*  • 

Prt^ptrtUfi. — (a/)  Phi/sicaL  A  colorless  solid,  crystallizing  in  fo^ 
or  six-sided  plates.  Specific  gravity,  M47,  It  aublimes  at  212'^f*^ 
(100^  C.)  ;  melta  at  415^4^  R  (213^  C),  and  boils  at  680°  R  (SfiO^a)- 
[Naphthalene  melts  at  176^  F.  (80^0.),  and  boils  at  413-6^  (2l2^C.)1l 
Anthracene  ia  insoluble  in  water,  almost  insoluble  in  cold  alcohol  (i^  [ 
which  naphthalene  Is solnble'j^  somewhat  soluble  in  carbonic  disulplii'^^l 
and  ia  boiling  alcolioli  ao\u\)\6meiV^T>m\i«vn.^\i.^^«5A\3a.^ft  volat^^ 
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shi  as  tiirpentme)^     Sunlight  in  timG  effects  its  physical  trana- 
lation  into  paranthracenf,  a  body  that  melts  at  471-2'^  F*  (244^  C\), 

hich  may  be  reconverted  by  fusion  into  common  anthracene. 
I)  Chemical. — ^With   nascent    hydrogen,    it    forms    a    di hydride, 
icHo-     With  the  haloids  it  forms  both  substitution  and  additive 
Uctfi  (as  C,^n^Bro.Br4). 

reaction  with  oxidizing  bodies  is  of  great  importance,  inasmuch 
this  means  artificial  alizarin,  a  body  identical  with  the  red 
ing  matter  of  madder,  and  a  product  of  great  commercial  v^alue, 

ipared.     The  equations  representing  the  reactions  that  occur  in  its 

Lration  may  be  thus  stated  : — 
,)  (a.)  Heated  with  nitric  acid,  or  with  potassic  bichromate  and 
ttiric  acid,  anthracene  forms  anthraquinmie.     Thus; — 
2r„H,„       +  30,         =      2[<;',.H8(0,)"]      +       2H,0. 

nihratene       4-        Oxygen        ^        Antlira-quinone        4*        Water. 

anthraquinone  it  will  be  noted  that  (Oc,),  like  (Hg,)  in  morcurous 
icuods,  plays  the  part  of  a  dyad  radical. 

,B*  This  body  is  called  anthraquinone  because  it  bears  the  same 
onship  to  anthracene  that  quinone  bears  to  benzene.     Thus  :^ 
CeHj      -      Cen,{0,}";        C„H,o      -        C.,H8(0,}".-| 

Benzene        —  Quinone  ;  Antbratene     - —        Antbroquiaone  ,J 

)  When  anthraquinone  is  heated  with  bromine  it  forms  dibrom* 
ra-qninone.    Thus : — 


ChUbO, 


knthta-c^uinone 


+ 
4- 


2Br-,      = 


Bromine    == 


+ 


2HBr, 


Hydro  bromio 
acid* 


Dibrom- Einthra- 
qiiinone 

)  When  dibrom-anthra-quinone  is  heated  to  350^^  P.  (1761'='  C.) 
^potassic  hydrate^  it  forms  the  potassic  deri?atiTeof  dioxy-anthra- 
Otte  (or  ali2arin).     Thus  i — 

'»,H«Br5fOj    +   4KnO    ^  Q.^^Oi^O)^  +    2KBr    -f-    SH^jO. 
brDoi-anthra*    -f    Poiasaic    ^  Potasaic  alizarate   -f     Fotaasic     +     Wiiter, 
(juinooe  hydrate  bromide 

mJ,)  When  an  acid  is  added  to  a  solution  of  the  fused  mass  coe- 
*iiiiiig  potassic  alizarate,  crude  alizarin^  Cj^HgO^or  C^^H5(0H)g(0^)", 
•*  tbown  down  as  a  yellow  precipitate,  which  when  carefully  snb- 

^  produces  a  red  sublimate  of  fine  alizarin. 

^utarin  may  also  be  prepared  as  follows  t. — 

^')  (a.)  By  the  action  of  chlorine  on  anthracene,  dichlor- anthracene 

ormed.    Thus  :— 
C^H,(,      +      20^=        C\,Hb01,  H-  2HC1. 

^tbvoene    -J-     Chlorine    ^    Dichlor-anthracone    +     HydrochltJrio  acid. 

0»>  When  this  dichlor- anthracene  is  heated  with  sulphuric  acid  it 
dichlor-anthracene-dianlphonicacid  [Cj4H0Cl2(nSO3)fi].  Thus:— 
Ci^HftCl^        +        2H2SO4      =  Cj^HgClgtHSO^)^  +    ^Uja. 

Jiichlor- anthracene   4-    Sulphur k  ttcid    ^    Dichlor-aTitbTiw^ene  \    "WKlet* 

diaulphonic  acid 
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(y.)  By  acting  on  this  product  with  oxidizing  egents,  or  hy  heatil 

it  with  strong  sulphuric  acid,  it  forms  anthraquiaone-disulphonic  i 
Ci4n{i02{nSO:,)2.     Thus  :— 

C,,H,,C1,(HS0,),       -h       O,      =     C,,HeO,(HSO,),    -h       CI,. 

Dichloranthrttcene  dliiul-     -f"     Oxygen    rsi       Anthra-quinone*        *|-     Chlonn^ 
phoBio  acid  diaulphotiic  acid 

(5.)  When  thia  is  heated  with  potassic  hjdrate  it  forms  potassio 
alizarato,  which  is  then  treated  with  an  acid  in  the  manner  alreadjr 
described. 
CuH60,{H8O,),+ 

Anthra^cjuiiiono' 
disulphoiiic  and 


Potafisic    ^     PotaBbic  alizunte     -(-      Poin^ic     «f 
bydrut6  sulphite 

Alizarin  is  soluble  in  alkaline  solutionB,  and  in  solutions  of  tlw 
alkaline  carbonates,  forming  deep  purple  li<^uids,  from  which  alizarin 
may  he  precipitated  by  an  acid. 

Coal  tar  oil  contains  several  bodies  that  are  isomers  of  anthracejia 
For  example,  phenanthtrne  a  solid,  melting  at  212^  F.  (lOQ*^  C),  and 
boiling  at  644^  F.  (340^00;  tolane,  a  solid,  melting  at  140^  R 
(60°  C.) ;  and  a  third  body  melting  at  476^G^  R  (247^  C), 

Note*— We  may  hert*  note,  that,  starting  from  benzene,  we  harev 
complete  series  of  hydrocarbons,  where  the  successive  tarms  differ 
C4H^.     Thus :— 


FoTinuliw 

Fusing  point. 

Boiling  pouitl 

^F. 

^C. 

**P. 

«a 

Benxene     . .             

CJh 

41-9 

6-6 

176-J) 

80*1 

NapbtLalene      » 

C,„H. 

176-0 

800 

4ia-6 

%m 

Aothraceii^        , 

ChD,, 

416"4 

213*0 

6S0-0 

saoi 

Cliryseae 

c„n,. 

478-4 

248-0 

The  rolationabip  of  these  bodies  is  remarkable.  They  all  foi 
Qitinones,  that  is,  bodies  where  H^  is  replaced  by  (0^)"  directly  (ini 
cases  except  that  of  benzene)  as  products  of  their  oxidation  {sei 
528).  These  quinones  are  neutral  bodies,  and  furnish  hydro- qui noa 
(the  dioxy-derivatives  of  the  several  hydrocarbons),  by  tiie  acticMnj 
nascent  hydrogen*     Thus  : — 

Benzene  —  Quinono  ^  Hydr4i<iuijLioue. 


Series  XI, — Formula  C^H^b^^  Series. 

This  includes  only  Hilbene  or  tduyene  (Oj^Hj^).     This  hydrocarl) 
IB  a  ciystalline  solid,  -^r elated.  \i^  l\i^  fi^xLtkiu  of  heat  on  dit 
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.HigBr^, 


(Ci4Hi4=Ci4Hig+H8).  It  melts  at  212°  F.  (100°  0.),  and  boils  at 
667-6°  F.  (292°  0.).  It  forms  both  substitution  and  additive  products. 
By  the  action  of  potassio  hydrate  on  the  dibromide  C14! 
iolane  (C14H10)  is  formed. 

Series  XTT. — Formula  C^Ji^,^  Series. 
This  indudes — 


Fusing  point. 

°F. 

°0, 

C.H,. 

Biacetianylbensene 

287-6 

142-0 

Present  in  coal  tar  otI. 
(N.B.— These  bodies  contain  95  per 
cent,  of  carbon.) 

CmH„ 

Dnhenylbenzene 

401-0 

205-0 

Obtained,  with  other  products,  by 
passing  benzene  through  red-hot 
tubes.  It  yields  an  oxidation, 
first  phenylbenzoie  acid  C.HjCcH^ 
(CO,H),  and  finally  Urephthalic 
add  CeH,(CO,H),. 

cja^ 

Trxphenylbenzene 
CH(C,HJ, 

198-6 

92-6 

Freparation, — By  the  action  of  heat 
in  closed  tubes  on  a  mixture  of 
benzylene  chloride,  and  mercuric 
phenyl. 

Sbbibs  XTTT. — Formula  OnHgn.^  Series. 

Ckrftens  (CisHi^).     This,  the  only  known  member  of  the  series,  is 
^Cmnd  together  with  pyrene  (OigH^o)  as  the  final  product  of  the  dis- 
liiDation  of  coal  tar.    It  crystallizes  in  fine  yellow  scales,  which  melt 
k  from  473°  to  478-4°  F.  (245°  to  248°  C).    It  is  insoluble  in  alcohol, 
Mffly  insoluble  in  ether,  but  is  soluble  in  boiling  turpentine,  from 
it  18  deposited  as  the  liquid  cools.    By  oxidation  it  forms 
'  (OisHioO,). 


Sebibs  XV. — Formula  CnH^_3«  Series. 

This  indndes  tetraphenylethi/lene  {Gz(C(iS^5)4=C^'^9o)f  a  crystalline 
ly  which  melts  at  428°  F.  (220°  C),  and  is  prepared  by  the  action 

Fheat  on  a  mixture  of  finely  divided  silver  and  diphenylketone,  this 
body  being  a  product  of  the  action  of  phosphorus  pentachloride 
bensophenone.    Thus — 

i(Cyff»)fOCaj  +    2Ag,  =        0,(CeRs)4         +        4^«Pi^. 

+    Ai/i«r   =    Tetraphenylethylene    4-     ATgwi\ic  c2b\otidft. 
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SUPPLEMENT    TO   CHAPTER   OX   TAB 
UYDHOCAKBONS, 


ADDENDUM  TO  THE  PARAPPINS^ 
fetroleum—Paraffins. 

The  paraffins,  it  will  be  noted,  vary  greatly  in  their  phyifcul^ 
ditione.  The  liigber  terme  are  solid^  and  ate  employed  in  tb«  M 
facture  of  candles,  etc.  Following  these  are  a  series  id  ^^ 
compounds,  nued  for  lubricating  purposes.  Then  follow  oomiw"^ 
which  are  liquid  and  are  used  lor  burning  in  lamps;  and  final] jr>j 
tain  liquids  volatile  below  100^  R  (37'8°  C.)  ypctwl^fmt  fffiriiy 
are  used  as  solvents  in  the  arts. 

In  Anuriran  pefrole^tm  and  in  the  mineral  oils  of  a  Hlce  nati 
in  or  near  the  coal  formation,  and  formed  by  the  gradual  deo(« 
of  vegetable  matter  beneath  the  earth's  surface,  we  have  an  odfliiii 
of  numerous  bydrocarbons  of  this  group  of  paraHins.  In  csv*^ 
prepare  the  oil  for  illuminating  purposes,  it  is  necessary  that  > 
hydi'ocarbons  volatile  at  a  temperature  above  100^  ¥,  (37'8°  Q*)A 
18,  all  the  hydrocarbons  containing  less  than  six  carbon  atonu). 
be  distilled  off,  otherwise  the  oil  would  be  dangerous.  The  6ii^ 
con^^titutes  what  is  called  '*  Petrofmm  uptrit^**  and  is  used  as  a 
for  caoutchouc  and  ref^inous  bodies,  whilst  the  liquid  rtDiaitJini' ' 
retort  is  safe  for  bnrning  in  lamps. 

Paraffin  Ofl,  which  is  also  a  mixture  of  the  paraffin  iijdroe 
obtained  by  the  destructive  distillation  of  such  bodies  as' 
cannel,  peat,  etc.  Tlie  nioBt  volatile  portions  are  used  for  illumfii 
purposes,  and  tlie  lenst  volatile  (mixed  with  fatty  oils,  such  as  I 
cotton,  etc)  are  employed  for  lubricating  machinery. 

ParaflSn. 

If  petroleum  (Hangoon  tar  or  rock  oil),  or  paraiBn  oil  he  €(A^ 
to  an  intense  cold,  the  separation  of  a  solid  body,  called  pfirt^fmA 
place.     This  substance  exists  ready  formed  in  such  miner 
kerit,  mineral  wax,  etc.     It  is  a  csompound  of  several  hyd 
of  tlie  CH^  group,  and  is  largely  used  for  candles,  ©tc.    The  foil 
is  an  outline  of  its  preparation  : — 

The  crude  tar  resuhing  from  the  destructive  distiUatiriD  of  1 
cannel,   etc»,   is  distilled*      The  distillate  is  first  shak* 
sodic  hydrate   solntion,   in  order  to  remove  all  acid    i 
afterwards  treated  with  sulphuric  acid,  to  remove  all  htmt  sill 
such  as  nnp\ilVia\eTie,  ^\^.    Tl\i^  Tfefe\4x\'^  of  these     --—-{(j 
being  well   wa&\\cd»  Is  d^6^^1^\^»  vu^  Ctv^  «^v\ 


TtniPBiniB. 

Ejr  Hquld  oils  present  in  the  mass  are  now  extracted,  first  by  a 

lUifugal  apparatus,  then  by  pressure  in  tke  cold»  and  linally  by 

Bare  at  or  about  105°F.  (40*6°  C),  so  as  to  remove  all  liydro- 

bons    melting  below  tliis    temperature.      The    residue    is    again 

sited  with  sulphuric  acid,  whereby   all  hydrocarbons  other  than 

ins,  are  charred.     The  paraffin  collects  on  the  surface  of  the 

and  is  then  removed.     After  being  washed,  it  is  melted  in  oila 

low  boiling-points  the  solution   derolorised  by  filtration  through 

iial  charcoal,  and  hnally  the  volatile  oils  removed  by  distillation 

the  pure  paraifin. 
Properties* — (a.)  PhtfdcaL  A  white  waxy  solid,  without  taste  or 
aell.  Its  fusing-point  varies,  according  to  its  source,  from  104^F. 
(40'' C.)  to  140''  F.  (60'^  C),  the  latter  being  the  temperature  at  which 
the  paraffin  obtained  from  ozokerit  melts.  It  boils  at  about  GJJQ'^  F. 
(37 0"^  C).  A  continuoHs  heat  under  pressure  converts  it  into  liquid 
hydrocarbons  (Thorpe  and  Young).  It  is  insoluble  in  water,  slightly 
soluble  in  alcohol,  very  soluble  in  ether  and  in  the  fixed  and 
[^Jstile  oils. 

V)  ChemkaL — Paraffin  is  remarkable,   as  its  preparation   given 

jve  would  indicate,   for  its  resistance  to  most  chemical  reagents 

lirum  affinky     When,  however,  it  is  healed  eontitiuouely  for  several 

with  sulphuric  acid  and   potassic  dichromate,   cerotic    acid  is 

sed  (Oe^HjiOy),  and  when  simiJarly  treated  with  nitric  acid,  a 

re  results  of  solid  and  liquid  fatty  acids.     When  melted  paraffin 

acted    on  with  chlorine,  it  is  gradually  attacked,  and  gives  off 

rdrochloric  acid. 


ADDENDUM  TO  THE  *^TUBPENES/' 


Oa  of  Turpentine  and  its  Allies.— The  Tnrpenfis. 

[The  name  turpentine  is  given  to  an  oleo-resiuous  juice  exuding  from 
,  varieties  of  pines.      Common  EntjUsh  turpentine  is  obtained  from 
f  Scotch  fir,  the  Pinus  Australis  and  Pinus  Tooda;   Venice  turpentine 

the  larch  ;  French  turpentine  from  the  Pinus  maritima,  etc. 
*'  Turpentine  *'  is  a  suhitioa  of  rosin  in  spirits  of  turpentine.    When 
iUed,  the  residue  iu  tho  retort,  amounting  to  from  75  to  90  per 
;,,  constitutes  rosing  and  the  distillate,  varying  in  quantity  from  10 
lb  per  cent*,  constitutes  turpa^  or  spirits  of  turpentine.     In  the  case 
Ithe  Boston  turpentine,  the  distillate  constitutes  **  camphine/* 
1  properties  of  spirits  of  turpentine. — (a.)  PJtt/i<it'aL  A  colorless,  mobile, 
I  uHar  smeiling  liquid.    Sp.  Gr.  0'!:*64.    It  boils  at  320°  F,  (160^0.), 
1  s  not  very  soluble  in  water,  but  is  very  soluble  in  alcohol,  carbonic 
'  ulphide,  and  in  ether,  and  is  itself  a  solvent  for  iodine,  %\A^\i\Mr^ 
I  isphorus,  resinotts  and  fatty  matters,  caoutchouc,   etc.      \t  V^  «w 
I  f^ftJ  reftaetor  of  II^L  t. 
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((i,)  ChemcaL  Wlien  French  spirits  of  iurpeniim  is  neutralised  with 
aa  alkalme  carbonate  aod  distilled,  it  yields  *' terebentlieiie"  (CioHjg), 
a  liquid  boiling  at  321  8"  F.  (IGl'^ C),  and  having  a  8p,  Gr.  of  0^864. 
It  turns  the  plane  of  polarisation  to  the  left,  EnglUh  spinU  c/turpat' 
tine  Bimilarly  treated,  yields  *^  austraterebenthene,"  a  liquid  baviDg  a 
eimilar  gravity  and  boiling-point  to  terebenthene,  but  turning  the 
plane  of  polarisation  to  the  right, 

(L)  Both  bodies  (i.*.,  ter^^enthim  or  austmUrehenthene)  when 
heated  to  482°  R  (250^  C),  form  two  levo-roiatori/  oils,  whick 
may  be  separated  by  distillation ;  viz.,  austrapyrolene^  boiling  at 
352-4°  F.  (178°  C),  and  mttaterdenthme  (C^^Hsg),  boiling  at  68C^F, 
(360^0.). 

(2.)  By  the  action  of  air,  turpentine  becomes  oxidised  and  forms  l 
product  of  a  resinous  nature. 

(3.)  Spirits  of  turpentine^  though  insoluble  in  water,  forms  three 
hydrates :  viz,^  (a)  a  crystalline  hydrate,  Cj^HjgjSlIoO,  soluble  in 
water,  fusing  at  217°  F.  (102^8°  C.)j  (/I)  a  second  crystalline  hjdrata, 
C,oHig»2HeO,  subliming  at  480^ F.  (248-9°  C)  formed  by  the  actioa 
of  heat  on  the  former  hydrate  ;  and  (y )  a  liquid  hydrate 
ierpinoh^  (Cn^nigl^jIIgOj  having  an  odor  of  liyacinths,  and  obtained 
distilling  either  of  the  former  hydrates  with  sulphuric  acid* 

(4,)  Chlorine  and  bromine  are  so  rapidly  absorbed  by  turpentine,  tkit 
inflammation  frequently  results,  HBr  and  HCl  being  formed, 
carbon  set  free.    DiatUled  with  water  and  chloride  of  lime,  chlorofc 
is   formed.     With  iodine,   combustion  does  not  usuaDy  occur, 
solution  of  iodine  in  turpentine  is  green,  and,  as  the  heat  in< 
during  the  progress  of  the  chemical  action^  hydrochloric  acid  is  evob 

(5.)  By  the  action  of  gaseous  borie  fiuoride,  or  when  the  spirits' 
turpentine  is  digested  with  a  little  oil  of  vitriol  in  the  cold,  it 
two  liquids,  both  of  which  are  without  action  on  a  polarised  ray  ; 
terelme  (C,j,Hi.a),  a  liquid  boiUng  at  320^ F.  (160°  C),  having  the 
of  thyme,    and  colophene  or  diterehem  (C;joH.is)t  a  liquid  boiling 
600*=  F.  (315-5^  C),  and  having  a  Sp.  Gr.  of  0-940  (vapor  density  4'7I 
This  latter  liquid  appears  colorless  by  directly  transmitted  light, 
blue  by  obliquely  transmitted  light* 

(6.)  Common  mtric  acid  forms,  with  turpentine,  acid  products. 
action  of  the  fuming  acid  upon  it  is  sulhciently  energetic  to 
combustion.  , 

The  following  volatile  or   essential  oils  have  the  same  compoail 
as    common    spirits    of  turpentine  (Ci^^ig),   viz.,    oils    of   h 
orange,   bergamot,    lime,    citron,    neroli    (?),    caraway,    camoi 
coriander,    elemi,    gomart,    hop,    juniper,    laurel,    parsley,    sal 
thyme,    valerian,    wintergreen,   cloves,    etc.       The   oils   of 
and  cubebs    (CoqH^o)    are    also    polymeric  with    spirits    of 
tine, 
AH   these    bodies  £orm  t^Emoi^  «^3^is\sJJiSi^%  Vg  ^i^^Bure  to 


OR  TOX^TIU  OTLB* 


bey  also  form  crystaUine  hydrates  and  artifioial  oamphors,  by  the 

ion  of  hydrochloric  acid. 

It  will   he  conYenient  here  to   consider  a  few  bodies,  the  exact 

ationflhip  of  some  of  which  it  ts  not  easy  to  deEne. 


I.  Essential  or  Volatile  Oils. 

These  hydrocarbons  are  found  for  the  most  part  in  the  vegetable 
jngdom  and  in  all  parts  of  the  plant :  sometimes  in  the  s^ed^  as  in 
le  mustard ;  sometimes   in  the  rind  cf  the  fruity  aa  in  the  orange  ; 

letimes  in  the  Jiower%  as  in  the  rose  ;  sometimes  in  the  leaves^  as  in 
be  myrtle.  A  {ew  only  are  found  in  the  bodies  of  animals,  such  as 
the  oil  of  ants. 

Preparation  of  the  Volatile  Oik.— (a )  By  prtimre,   Exampien^ 

Is  of  lemon,  bergamot,  laurel^  etc. 

()3.)  By  distillatton  with  water.     This   is   the  common  method  of 

acting  the  majority  of  these  oils. 

if^^yBy  formentation  and   distiilation.     This    is  illustrated   in   the 

paration  of  the  oils  of  bitter  almond  and  mustard,  where,  after  the 

has  been  crushed  and  mixed  with  water ,  the  action  of  some 

ogenized  body  on  certain  compounds  in  the  seed,  develops  the  oil 

ich  is  afterwards  extracted  by  distillation. 

(2.)  By  destructive  distiUation*     Examples — The  volatile  oils    from 

wood^  coal,  bones,  etc. 
'  (f.)  By  st^lution  in  a  fixed  oil  destitute  of  odor  (such  aa  poppy  oil). 

npiei — ^Oils  of  geranium,  jessamine,  violet,  heliotrope,  etc, 
(O  Sy  chemical  action.  Example — Oil  of  spirifca,  from  aalicine. 
iPlfapertieS**— («•)  PhijsimL  At  ordiaary  temperatures  these  oihi 
I  usually  liquid.  Oil  of  aniseed,  however,  is  a  solid.  Their  color 
moatly  yellow  when  first  prepared,  but  they  rapidly  darken  hy 
re  to  air  from  the  absorption  of  oxygen,  becoming  finally  a 
Bold  mass.  Their  odor  is  powerful.  Their  boiling  jxiint  is 
[Ij  above  21 2^  F.  { 100°  C).  They  produce  on  paper  a  greasy  stain 
It  traneieM^  and  dissipated  by  heat.  Their  specific  gravities 
but  they  are  usually  lighter  than  water. 
(^3.)  Chemical,  They  are  all  combustible  bodies,  slightly  soluble  in 
the  solution  forming  the  officinal  medicated  waters.  They 
ely  soluble  in  spirit  (forming  essences),  irom  which  solutions 
precipitated  by  water.  They  are  soluble  in  fatty  oils.  By 
Btion  of  cold  they  separate  into  a  solid  crystalline  compoimd 
ki<»r  or  stearoptene)  and  a  liquid  oil  (elodoptene).  They  are 
fed  by  the  action  of  acids.  They  are  insoluble  in  potaah,  and 
:  saponified  by  alkaliea.  * 
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^H                                           Essential  Oiln.                        ^| 

^^M                                IdOMEBa  AKD  Polymers  of  Tubpsktovb*          ^H 

^g 

Si)«ciflc  GrmYlty. 

Boillog  Ft. 

Direction 

^H        Ollftof 

of 

BotedoQ. 

Source. 

BemvkA, 

Uquid. 

Vftpot. 

eF, 

'^C. 

^Lrp«min«      .. 

0»64 

i-Sll 

aio 

1«0'0 

leR 

CoalfflTOUA 

^^^^mimot ,.     ., 

0-409 

Stil 

IBS'* 

ruht 

tivu 

Sae  Oil  of  lemon. 

^^^^BHtartua 

i'GQ 

«w 

IWJ'O 

lefL 

^^^^^BmIi  >• 

0-84T 

4  38 

313 

16G"l 

^■psomlle.,     .. 

S47 

17S'0 

AntbeimldlB 
floros 

ContAisv  tho  hydFoe&rboi 
an  axidUod  body,  C  c,  H  ,^ 

^VliinwAy    ,.     .. 

oi»sa 

5-17 

m 

172  a 

right 

CC^«  H,«0>               JH 

■            ClOVM         •,      ,« 

0'91S 

2&9 

1431* 

■         tiftaii 

0M9 

m 

173-9 

Iflft 

^^^H 

I     fuBiper  ;; 

right 

1 

0«ft 

WiQ 

160-0 

bu 

J 

■         litmon      .. 

0-m 

4'87 

843 

ur% 

right 

OoutAlnt,  til  oooimmi  wil| 
attuia  Df  urocarboivi^        1 

■ 

■ Orango      - 

0-83 

4  64 

39f 

180-0 

right 

5m  LomQu,                         J 

^K7^usl(57      -*     '* 

fl20 

IfloO 

■ 

^H&X« 

O^ftM 

471 

333 
820 

167  S 

J 

^^H,9oia 

o&ar 

»1M) 

leo'O 

^^^^^ 

^^■llijrmfl      ,.     .. 

4'7« 

379 

16^0 

none 

^^^^M 

V         Cuboba      .,     ^, 

Ot78 

60ft 

160  0 

l«ft 

CotitAln*  ft  solid  bydrooMd 

0-939 

490 

2*4  B 

lert 

I           AtUr  of  I^OMS. . 

tm 

in-i 

Au  fxiduod  yroduot  torn 

H^^^ 

la  duft.                                1 

^^1  Sitter  AlmoDd.. 

Amygdala 
umAra 

J 

^K^iU     ., 

Fruciuft 
nnotbi 

GontftkiB  antlhtM  (C^^^| 

^HA&iMWl       .,       .. 

aDkum 

Co&C^ua  A  aoUd  hydfoH 

^^^vHoraeraditti 

(S»mprat/wn.  C^HVCNS, 

^HForoU 

See  Oil  of  lomona. 

^^V  Cw«laniom4 

Dkt«i.        It  also  ooQt 
Ci^Ki„aH,0. 

^H  Ciyepat     „     .. 

Contftina  emuptUol  (G^qHij 

V          Ciijnamoti..     ,. 

vam 

1          Fennol       ..     .. 

™         Ferpermlnt 

ComtAiiLi  nunfAnM(Ci«H,a] 

^KfiMMfnu  „     .. 

rovi 

^H|tiiit«ni    ,.     .. 

i-ois 

^B                                            II.  Camphors. 

^^H              Camphor e  axe  oxidized  hjdrocarboiii,  and  are  closely  related  1 

^^H           esBential  oils. 

^^m               Common   camphor  (CnjHigO)  ia   obtained   from    the    wood  of 

^^M           Laurua  Camphora,  or  camphor  laurel,  by  boiling  it  in  water, 

^^m          condensing  the  camphor  aa  it  passes  over,  on  straw  placed  at  the 

^^m           of  the  still.   It  is  afterwards  purified  by  sublimation.   An  oil  distill 

^^B           during  the  action,   called  liquid  camphor  or  oil  of  camphor  (Cj^H 

^^M           which  by  exposure  to  air  ozjdizes  and  deposits  common  camphoe 

^^m               Properties. — (a.)  Fk^mcaL     A  white  crystalline   (octahedra) 

^^m           volatile   at    ordinary   temperatures*     It  has    a  specific    gmH 

^H          0-996.     It  fuses  at  S47''  V.  (176''  C.)  and  boils  at  aQQ'^  F.  (i9| 

^H        It  rotates  a  ray  of  UgUt  ^  fti^  xV^Vt  (^-V\1A^.  \\.\^^iarY  sH 

soluble  ia  water  (1  in  2^000   parts,  or  40  grains  per  gallon),  but  is 
freelj  soluble  in  alcohol,  in  ether>  and  in  etrong  acetic  acid, 

(/3.)  Chamcal,  Camphor  burns  with  a  smoky  flame.  When  distilled 
it  yields  the  colorless  compound  camphoric  oxide  (CnJI,^Oi).  Distilled 
irith  PA  or  with  phosphoric  anhydride,  it  forma  cymene  (CioHh),  and 
when  similarly  treated  with  PCI-j*  it  forms  Cf/mene  and  hydro- chhrio 
4icid*  With  nitric  acid  it  forms  camphoric  acid  (Ciylli^gO^),  a  dextro* 
Totatory  body.  It  is  acted  on  by  bromine,  forming  C\yHitiBr5jO  j  other 
crin pounds  are  also  formed  by  it  with  bromine,  such  as  monobromcamphor 
<r^  JIjjBrO),     Chlorine  ia  without  action  upon  it.     Heated  in  sealed 

bes  with  an  alcoholic  solution  of  caustic  soda,   it  is  resolved  into 

mphol  (CjoHigO)  An(i  caviphic  acid  [Qi^^^O^), 

Borneo  camphor  {O^qKi^O)  is  an  exudation  from  the  Dryabalanopa 
camphora.     It  crystallizes  in  prisms.     By  distillation  it  yields  a  Tola-*  ^ 
tile  oil  called  homeem  (C,oH|5),  which  is  often  sold  in  the  market  oa  H 
camphor  oil,  or  liquid  camphor.  H 

By  oxidation  with  nitric  acid,  Borneo  camphor  forms  common  oam-^ 

or ;   whilst,  by  the  action  of  metallic  sodium  on  a  solution  of  com- 

,on  camphor  in  toluene,  it  may  be  converted  into  Borneo  camphor. 

Common  camphor  rotates  a  ray  of  light  to  the  right.     The  camphor 

iainfd  in  the  ot!  o/fetfer/ew  rotates  it  to  the  left.     Tiie  camphor  in  the 

i(ti  oili  of  the  N.  0*  Labiatpo  are  optically  inactive.     The  cam- 

c  acids  respectively  formed  from  these  camphora  by  the  action 

them  of  nitric  acid,  have  similar  optical  o£Pects  to  the  camphors 

emselves,  but  if  the  right  and  the  left  rotatory  acids  be  mixed  toge- 

L«r  in  equal  proportions,  the  acid  formed  is  ibtind  to   be  without        < 
on  on  the  polarized  ray.  ^M 

ni.  Beslns. 

Itesins  are  bodies  which  exude  from  plants,  dissolved  in  the  essential 
^il  peculiar  to  the  plant.     They  are  for  the  most  part  oxidized  tere- 
0i  and  are  produced  in  the  plant  by  the  oxidation  of  their  essential 

Preparation,^ (\.)  By  simple  exudation.     Example — CopaL 
(2.)  By  distilling  the  oil  from  the  resin  in  which  it  is  dissolved. 
lEiamptc — Common  rosin. 

(3.)  By  destructive  distillation.     Examples — Ouiacum,  pitch. 
Prvptrties, — (a.)  Phymeai,^—The  resins  are  solid  transparGnt  bodies, 
|»>matimes  cry  stall  izable.     They  have  no  well-marked  odor.     They 
art  easily  fused,  but  they  are  not  volatile.     They  are  decomposed  ^ 
vheiv  heated  in  closed  vessels.     They  are  insoluble  in  water,  but  aro  S 
lokble  in  sxiirit.  They  are  electrical  insulatorsj  and  yield,  by  friction, 
I  ttpgative  electricity. 

(;3.)  Chenacal. — The  resins  are  combustible,  and  "bxim  mt\i  «i  ^\\\^^ 
Man  J-  of  them  are  acid  to  litmus  (as,  e,  j*,  ^andaroKiii  ^n^ 
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guiacum),  and  yield  a  lather  ^hen  acted  on  with  an  alkaline  1j 
Tliis  mixture,  however^  difit^rs  from  a  soap  solution  in  not  being  pr 
cipitated  on  the  addition  of  common  salt. 

The  resins  generally  are  compounds  of  more  than  one  reain  ;  their 
exact  proximate  constitution  is  not,  in  the  majority  of  caseSi  well 
understood.  '  J 

Varieties  of  Resins. 


Eeaiiii. 


Common  roism 


rown 
White 


Amber 
ArDicin  (C, 
Cunimbin 
Capaicum  rosin 
Castoiiii     .• 


,H«O0 


Copal 


Daamuir  resim 
Dragon* a  blood  (C,, 
Ergotia 
Guiatum  resin 
Jalup  renin 
Kouesin  {Oj,H„OiJ 
La« 

Hastlch     » , 

MenPireoM  resin 
Btirguiidy  pitcib 
Podopbyllum  r&sin 
ryrethrin  . , 
Rhubarb  reain 
Eotllerin    . , 
Sandtirach . « 


Source. 


The  residue  of  Amorioaii  tnrpenCiiie  (plniiB  abies)* 
(Galipot}.     Tiie  reaiduA  of  fiordeatuc  turpeDtine   (pi&H J 

maritima)* 
A  fossil  resin. 

Tbe  active  principle  of  arnica,  root  (amicft  radix), 
Indian  beiwp  (cannabis  indica). 
Obtained  from  lb©  fruit  of  the  capsicmn. 
Giu»tor  is  the  dried  preputial  follioles  and  secr^tioDa  of  tht 

beaver. 
An  exuded  re«in  from  c^^rtain  extinct  trees  (byxnenaa 

Temicoaa  P) .     It  ia  fotmd  benettth  the  ground. 

An  exudation  from  the  fruit  of  a  palm  (calamus  draoo). 

An  active  conetituent  of  ergot. 

From  the  wood  of  gmacum  officinale. 

From  the  jalap  tubSroles.     It  ia  imaluble  in  tutpentiQe, 

From  kouAso. 

An  exudation  on  certain  trees  (as  the  Jieua  indUa)  pi9- 

duced  by  tho  puntjture  of  an  insect  (coc«ua). 
From  the  item  of  the  mastio  or  lentisk  tree  (pistaebsi 

lentiwjua) . 
From  the  dried  bark  of  the  Daphne  me^ereum. 
From  the  »t«m  of  the  spruce  Hr  (abiea  excdts). 
From  podophyllum  root» 
From  pellitory  root. 
From  rhubarb. 
Fjx>m  kamala. 
From  the  juni  perns  communiJi. 


L   Cftmmon  rcmn  (colophony)   is  the  residue  of  the  distillation  of 
turpentine.     The  quantity  obtained  varies  from  75  to  90  per  cent,  of 
the  turpentine  employed.     It  is  a  mixture  of  two  at^id  bodies,  vit.^  * 
crystallizable  acid  called  abietic  acid  (C^^HgjO^),  and  an  amorphou^y 
acid  called  fink  acid  {Q^y^^f}^.  ■ 

2.  Lac  ia  an  exudation  from  certain  trees,  occasioned  by  the  panc^'^ 
tnre  of  an  insect,  *'  Stirk  lac  *'  is  the  crude  state  in  which  the  resL^ 
is  collected,  *'  Seed  he  ^^  is  the  resinous  residue  left  after  boilings  tl»-^ 
crude  lac  with  a  solution  of  sodic  carbonate^  in  order  to  extract  from  it  ^ 
red-coloring  matter  (lac- dye)  used  by  the  dyer.  **  S^tsUac  '*  is  the  fiise^^ 
*'  seed-lac.'*  This  resin  is  largely  used  for  hats,  sealing-wax,  and  ra**' 
nifihes,  '* Indian  ivik^^  consists  of  a  mixture  of  shellac  (100  gra*^* 
borax  (20  gra.),  lampblack  and  water  (4  ozs.)*  *' Lacquer"  i&  ^^ 
alcoholic  Bolution  of  aheTlae,  Ban^wa^Oa,  ft»ii'H«B\«aei  V>Mc^tLtme, 


Bssnrs. 
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3.  Amber  is  a  fossil  reein  foiind  accompanying  lignite.  It  is  solulile 
lin  alcohol  (l  part  in  8)^  and  in  ether  (1  in  10).  It  is  more  soluble  in 
Ithese  liquids  after  it  has  been  fiised  than  before.  When  acted  on 
|irith  nitric  acid  or  digested  with  alkalies,  it  yields  succinic  acid, 

4.  Copal  differs  from  other  resins  by  its  comparatively  alight  solu- 
bility in  alcohol  and  in  essential   oils.     Wben  melted,   however,  it 

lixes  with  oils,  and  is  thus  made  into  varnish. 
6.   Omaenm  rrftm  is  the  exudation  from  tlie  wood  of  tbe  guiacum 
lofficinale.    It  is  soluble  in  alcohol.    Oxidizing  agents,  under  the  iuflu- 
lence  of  certain  organic  substances,  produce  a  blue,  green,  and  browns 
Dolor  with  the  alcoholic  solution. 

Uut   of  Resins. — For    varnishes.     For   stiffening    purposes  j    for 
pellow  soap,  and  for  sealing-wax. 

In  the  manufacture  of  varnishes^  tbe  powdered  resin  (copal,  mastic, 

ftandaracb,  lac,  elerai  and  anime  being  those  most  frequently  used)  is 

■inixed  with  some   powdered  glass,  so   as  to  prevent  its   becoming 

lumpy.     The  solvents  principally  employed  are  turpentine,  methylated 

Icoliol  and  wood  spirit ;  in  the  case  of  copal,  mastic  and  sandaracli, 

kertain  liquids  such  as  acetone,  a  little  turpentine  or  some  £xed  oil, 

(such  as  linseed  or  poppy)  are  commonly  added  to  prevent  the  varnish  | 

eking  when  dry   (oil  varnishes).     Spirit  varnishes  dry  rapidly  j 

.  Tarnislies  dry  slowly,  but  are  more  durable. 

17.  Oum  Besins. 

Definition. — Mixtures  of  a  resin  or  of  an  oleo-resin  and  gum* 
Gum  resins  form  an  emulsion  when  rubbed  up  with  water,  i.f.,  tho 
particles  of  resin  are  held  in  suspension  by  the  solution  of  gum*  ^ 
ItThe  gum  resins  are  soluble  in  dilute  alcohol  and  in  weak  alkalies* 
They  form  a  numerous  class,  amongst  which  may  be  mentioned 
!iinmoniacum^  assafoatida,  aloes,  euphorbium,  galbanum,  gamboge^ 
uyrrh,  olibanum  or  Arabian  frankincense,  and  scammony. 


V,  Oleo-Eesins. 

Definition. — A  mixture  of  a  resin  and  a  volatile  oil. 
This  class  includes  copaiva.  the  turpentines^  common  frankincensef  ^ 
Todd  a),  Canada  balsam  (the    turpontine  from  the  Balm  oCl 
}ilead  fir),  sumhul  root,  etc, 

VI,  Balsams. 

Definition, — ^A    resin,    or    an    oleo- resin,    containing    bemcoic    or 
ic  acid.  (Memo,   Balsam  of  Copaiba  and  Canada  balsam  are  not 
\  balsams,  as  they  neither  conttiiu  cinnamicnor  benzoic  acid). 
[lis   tdass  includes  benzoin    (styrax  beiiasoin)^  balaani  oi  T«Y\a. 
>.xyIon   Pereira),  balsam  of  tola  (myroxylon  toVuileT^'^,   %V>x^:x- 


t^:s.  ^ 
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India  Rubber— CajoTitchoua 


Natural  IIi»tori/. — A  milky  juice,   eolidi fying    on  exposure  to 
It  is  obtaiaeii  from  many  tropical  plants,  such  aa  the  Ficus  elasticn, 
etc. 

Constitution. — A  mixture  of  several  isomera  and  polymers  of  tur* 
pentine  oil. 

P reparation t— The  juice^  which  is  perfectly  white  and  liquid  when 
first  ohtained,  flows  from  incisions  made  in  the  tree,  and  is  then  dried 
OE  clay  moulds. 

Properties    of   the    solid     caontcJwnc^ — An    elastic    solid.      Specific 
gravity  0-93.     It  melts  at  250'='  F,  (120'r  C.)     When  heated  slighUyJ 
beyond  its  melting- point,  it  forms  a  liquid  which  does  not  solidify  Ofl 
cooling.     At  a  higher  temperature  it  is  decomposed  into  two  liquids, 
viz.,  isoprme  (CfiHe),  boiling  at  98-6^   F.   (37^   C),  and   caoutchiM^\ 
boiling  at  339*8^  F.  (171°  0.)»aiid  in  both  of  which  liquids  caoutchou 
is  soluble.     It  is  insoluble  in  alcohol  or  in  water,  but  is  softened  TjJ 
boiling  water.     It  is  soluble  in  ether,  in  naphtha^  and  in  the  volatile 
oils,  and  remains  uncliacged    as  the   solvent  evaporates,     Neitber 
alkalies,  dilute  acids,  nor  indeed  chemical  reagents  generally,  hare 
any   action  upon   it.     It  combines  with  about  2  to  3  per  cent,  of 
sulphur  when  melted  in  contact  with  it,  forming  "  Yulcanized  Indii 
Eubber,**  which  is  a  more  elastic  body  thaix  rubber,  but  is  insoluble  m 
naphtha  or  in  turpentine,  and  is  incapable  like  rubber,  of  cohering 
to  other  surfaces  with  wliich  it  may  be  brought  into  contact* 

1.  For  general  cleansing  purposes. 

2.  For  waterproofing, 

3.  For  mtkiniUed  Imlia  nthher.  Most  specimens  of  mlcaniaed 
rubber  contain  more  than  2  per  cent  of  sulphur.  Under  such  riJ- 
cumstancea  the  rubber  afTter  a  short  time  becomes  inelastic  and  brittli^ 
owing  to  the  oxidation  of  the  free  sulphur. 

4.  For  ebojtite  (vulcanite).  This  is  prepared  by  mixing  caontclioiMl 
with  about  half  its  weight  of  sulphur,  and  afterwards  hardening  th*  ] 
mixture  by  heat  and  pressure.     It  takes  a  high  polish, 

$.  Marine  glue  is  a  solution  of  caoutchouc  mixed  with  a  little  shelM 
in  coal  tar  naphtha. 

Gutta  Percha. 

Natural  History. — ^A  milky  juice  exuding  from  the  Isonandr*  ] 
percha,  and  solidifying  by  exposure  to  air. 

Com]}osition — Similar  to  that  of  caoutchouc. 

Properties. — An  inelastic    solid;    specific  gravity  0  98.     It  is  *^' 
soluble  in  water,  alcohol,  acids  or  alkalies,  but  is  soluble  in  ethefi 
volatile     oils,    chloroform,    carbonic   disulphide,    naphtha,    etc.     ^^ ) 
iioftens  at  212^  F.  (100^  C")  and  decomposes  at  400^  F.  (204-4^  O0| 
It  may  be  vulcanized  like  caouteVQUc, 
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THE  ALCOHOLS. 

eUtton  of  Alcohols  to  other  fiodiea — Series  of  Alcohols— General  preparation  and 
propprties  of  the  members  of  the  Tarioufi  Scries — Mercaptans. 
SiTFPLiMBXTA^iiY    Cmaptkr  :    Sugflf  —  Gluooddfifl  —  Stiirchea  —  Gums  —  Reaction  of 
TariouB  Aloohok  and  allied  Bodies. 

The  alcohols  are  saturated  derivatives  of  the  hydrocarbons,  one  or 
ttor©  atoms  of  the  hydrogen  of  the  hydrocarbon  being  replaced  by  a 
emi-molecule   of  hydroxyl  (T^H;;  iu  other  words,  the  alcohols  are 
impounds  of  hydroxy!  and  alcohol  radicals, 
(a.)  If  1  hydrogen  atom  only  of  the  hydrocarbon  be  replaced  by 
of  the  group  (OH),  a  monohydn*.  alcohol  is  formed.    Thus  C3H7(OH}, 
ivative  of  C^TIq,  constitutes  monohydric  propylic  alcohoL 
L)  If  2  or  more  hydrogen  atoms  be  replaced  by  2  or  more  of  the 
Dup  (OH),  a  dihijdrie  {or  trihydric,  etc.)  alcahol  Is  formed-     Thus 
^,H3(0n\^  constitutes  the  trihydric  alcohol  glycerine. 
The  exact  relationships  of  the  alcohols  must  be  noted. 
ReiaHon  of  the  tdcohoh  to  thi»  haloid  ethers, — If  the  group  or  groups  ' 
ii  (OH)  in  the  alcohol,  be  replaced  (partly  or  wholly)  by  chlorine,  (as 
k^.,  by  the  action  upon  the  alcohol  either  of  a  haloid  acid,  or  of  a  coni- 
[mnd  of  phosphorus  with  a  haloid)*  a  haloid  ether  is  formed.     Thus 
propiflic  alcohol^  C^^j{0}l}^  formB  propane  chloride^  C\II;(C1). 

If  this  haloid  ether  be  treated  with  potassic  or  sodio  hydrate,  the 
Icohol  will  be  reformed  ;  thus  : — 

Cn^fCl)    +         KOH        =     C^H^COH)     +         Ka. 

I'ropano         -f  PotAiaio  ^  Propylic  -|-  Potosajc 

chloride  hydrate  alcohol  chloride, 

Belation  of  the  alcohols  to  the  oxjf -ethers, — ^If  the  group  or  groups  of 

lOH)  in  the  alcohol  be  replaced  by  potassoxyl  (OK)  or  methyloxyl 

CHj,),  etc.,  an  oxygen  ether  is  formed.     Thus — 

Ethylic  alcohol  {Q^U^{On)  forms  C^HjCOK),  pota^mc  ethtjhte ; 

„  „       CsH5(0Cn^),  methflic  ethjlate,  etc. 

Relation  of  the  tdcohoh  to  the  compound  eihere  (ethereal  salts). — If  the 

ijdrogen  of  the  hydroxyl  (OH)  in  the  alcohol,  be  replaced  by  an  acid 

fidical,  an  ethereal  mlt  is  formed.     Thus — 

MethyUc  alcohol,  OH,(OH),  forms  CIIaCOCgHjO),  methf/lic  acetate. 

Constitution, — ^An  alcohol  may  be  regarded  as  formed  on  the  water 

pe,  where  one  atom  of  hydrogen  is  replaced  by  a  compound  radical* 


c«n. 


"W" 


Eth^iic  alcohol: 


c,h,1q_    c^a^t^o^-^ 


M^'-affbJ- S 
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H              The  dcohols  may  be  arranged  in  the  foOowmg  groups  : —      ^^H 

^^H                      Sehiss, 

Fonnttk* 

Exomplea. 

^L              A*— M ONO  H  TDRIC  AlCO » OLB— 

^^^H             1.    Ethj^lie  seiiM  . .     . . 

CnH,„^.,(nH) 

Methvlie  alcohol  CH^fOH). 

^^^1           TL    Yinylic  florioi    .,     ,* 

CnU,n-i('^") 

YinyHfl  nJcohot  C,H^((in). 

^^m 

Cnll,,_,;CJirj 

TropajgyUc  a^lL^oliol  0,11^(00). 

^H 

CnlI.^_,(UU) 

^^^H            T,    Benxylic  Beriea..     ,, 

CnlI,n.,i:OilJ 

PBenol  C^n^tOH). 

^^^H            Yl.     CiiLU&mic  stries 

CnH,,^,(nHJ 

CimiAmic  alcohol  C,H^(OH). 

^H 

C^H,„_„(Oli) 

^T                B.— DlHVDHIC   AlXOHOLS — 

^^^^^                I.     (jlyooU 

Ci^H^(OII), 

Glycol  C,H,(OH)^ 

^^^H            XI.     Ordns 

^f                C. — TRlIfTDBlC   AtOOHOtS— 

H                      L     Glyceric  series  . . 

C„n^,(0H)3   ^  Glycerin  CJI,(OH),.                  ■ 

H                    II,     ryit)gatlio  series 

C^H^^jOH), 

PyrogaUol  C,H^(Ofl),.                ■ 

H             B.^Tetrahydric  Alcohols— 

1 

■ 

C^H^^(OH), 

Erythrite  C^ll4(0H)4,                  ■ 

H            E. — HfiXHTDUic  Alcohols— 

1 

■ 

C^H^^(OH), 

Mwinit^  C^n,(OH)<|.                  ■ 

■                              A.-MONOHTDRIC  ALCOHOLS.                   M 

H                                            Ethylic  Series*                                    V 

H                                         &mm&  l.~Fonmda  C^II.^+i(OH).                             ■ 

H               This  iiicludes —                                                                                         ■ 

■                  Aloohoti, 

foniuiU. 

Spedflc  Gr. 

BoUing  Ft. 

Vapor 

ftOBZtt.            ■ 

•^F. 

«c. 

■          1.  Methyilc   <wood 

■                   luipfatha)    ..     .. 

CH,(0H>       ' 

0  798  ftt  30 

IfilO 

66*1 

vn 

■          S.  Etbytic    (Bplrlta  vi 

■                   wine)  ,.     .,     .. 

C,H,(OH) 

<>  7938  at  15 

nao 

7*1-3 

1-61 

Fermen  taticra  of  SDC»r,    ^ 

■          a.  Prnpyllo 

C,H,(OK) 

D^^ilOs  at  0 

2W0 

»lfl'6 

2  0t 

Dltio         ofKrapahn* 

■          4.  »myhc    ..     ..     .. 

C*H.(OH> 

ososgftt  IS 

2130 

111-7 

S'5t 

Ditto         ofbeetroki 

■          &.  Amylio  (fusel  oil  i 

■                    pentjiic)     ..     .. 

C,H,i(OH) 

OBIU 

^G!l^ 

181-1 

ai5 

Ditto         ofpofUtoil. 

■          6.  n«xyllc  {mprok).. 

C.H,,(OH) 

0'BL9i4t22 

argo 

iAa-9 

9-6a 

Ditto  orgr«li«ii^ 
DiatillAtion    of  ca^^  odl  * 

■           7.  0£iuntl&k(t]eptyllcj 

C,Hi,(OH) 

iwati 

178 -8 

H 

KHO.                          ^ 

■           B.  Caprytfc  (octylic}.. 

S-S^'^S^ 

0-8717  ftilfi 

asfio 

T80-0 

4'M 

FermetitatioD  of  gnpt  \am^ 

■           9,  Nonylic  .. 

O.H„(OH) 
C»oH,t(OH3 

B92n 

3O0{) 

■         U.  Ratio  (dcc&tjit&)  .. 

414  0 

air2 

0\\  of  mo. 

11.  Unrio     

C,»H„{OH> 

Wlwilt  oiL 

18.  G«iylie  (etliftl) 

C,„H,,(OHJ 

StiormBiMtl ;  fUica  tk  1^:», 
Chlnenw«x:  faM«fttn«*'' 

JS.  Oei7Uc(coroten«).. 

C,,H*.(OH) 

■          N.  MeUsslo  (aieUulne) 

c,oH..oa) 

Bom  VAX  ;  C^iaes  at  JBA<  F. 

H               Isomeric  /ornt^.— All  these  alcohols  (excepting  the  two  first  term*)  1 

H           have    numerous    isomeric    modifications.      They    are    distingiiiahe<lj 

I           partly  by  their  different  physical  properties,  such  as  by  their  differ^o'M 

H           boiling-points,  but  more  especially  by  thoir  behaviour  on  oxidatioii*W 

^^^     To  Kolbe  we  are  indebted  tot  ^  e^ftiLfema.U<i  arrangement  of  these  ifio*  ■ 

MOKOHYDBIO  ALCOHOLS. 
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xneridea.  To  methylic  alcohol  (OH3.OH)  he  has  giyen  the  name 
earbinol,  whilst  all  the  succeeding  alcohols  he  terms  carbinolSy  regarding 
them  as  deriyatiyes  of  the  first  term  (methylic  alcohol),  and  formed  by 
the  replacement  of  hydrogen  by  monad  radicals  of  the  form  OnH^n^i : 
(a.)  If,  judging  by  its  preparation  and  by  its  mode  of  formation, 
the  alcohol  be  formed  by  the  replacement  of  1  unit  of  hydrogen  of  the 
earbinol  by  the  compoimd  group  (C„H2n+i),  the  alcohol  is  then  called 
9i  primary  cdcohoL     Thus,  (CHj.OII)  being  earbinol — 

CHj(CH3)0H  is  the  primary  alcohol  methyl  earbinol  (ethylic  alcohol). 

CH^(CjH5)0H  „  „  ethyl  earbinol   (propylic  alcohol). 

(/3.)  If  two  units  of  hydrogen  of  the  earbinol  be  replaced  by  2  of  the 
group  (CnHgn  +  1),  the  alcohol  is  then  called  a  secondary  alcohol.    Thus — 

CH(CH,)(CH,)OH  ifl  the  secondary  alcohol  dimethyl  earbinol  (propylie  alcohol). 

Cfl(C,H,)(CH3)0H         „  „  ethyliiiethyl  earbinol  (butylio  alcohol). 

(y.)  If  three  units  of  hydrogen  of  the  earbinol  be  replaced  by  three 
of  the  group  (CaH^+i),  the  alcohol  is  then  called  a  tertiary  alcohol. 
Thus— 

C(CBy  (CH J(CHJOH  is  the  tertiary  akohol  trimethyl  earbinol  (butylic  alcohol). 

C(C^j)(CHJ(CHJOH       „  „  ahyldimethyl  earbinol  (amylie  alcohol). 

It  w^  therefore  be  understood  that  an  alcohol  is  regarded  as 
primary,  secondary,  or  tertiary,  according  as  the  carbon  atom  in  com- 
bination with  the  hydroxyl  group,  is  also  directly  combined  with  1,2, 
or  3  other  carbon  atoms.  It  will  further  be  eyident  why  no  isomeric 
modifications  of  methylic  or  ethylic  alcohol  are  possible. 

The  following  list  includes  the  principal  secondary  alcohols :— 


Formula. 

Boiling  point. 

•F. 

°C. 

Dimethyl  earbinol 

Mthyl  methyl  earbinol 

Ifethyl-ieoiuropyl  earbinol     . .     . . 

Methyl  propyl  earbinol 

Methyl  butyl  earbinol 

Methyl  pentyl  earbinol 

Methyl  nexyl  earbinol 

Methyl  nonyl  earbinol 

CH(CHJ,OH 

CH(CH,)(C,H4)0H 

CH.CHICHJ.OH 

CH(CH3)(C,H,)0H 

CH(CH,)(CX)OH 

CH(CH3)(C,H,.;0H 

CH(CH3)(C,H„)0H 

CH(CHJ(C,HJOH 

185 
207 
226 
248 
277 
320 
358 
445 

850 
97-2 
107-8 
1200 
136-1 
1600 
1811 
225-5 

The  following  tertiary  alcohols  are  known  : 


Formnla- 

Boiling  point. 

^F. 

-^c. 

Tiimethyl  owKboL 

^tttthyl  ethyl  earbinol       .  -     , . 
gotftiiyl  isopropjl  earbinol . .     .  * 
^ittsfliyl  propyl  carbiQol      . .     . . 
*^yI  diethyl'  earbinol  ♦ ,     , ,     , , 

^^hyl  P^Pyl  earbinol . ,     , .     , .  , 

CfC.HJ.(C.H,)OH 

m 
212 

234 

21B 

\ 
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It  will  be  convenient  here  to  note  the  different  effects  of  oxidizing 
agents  on  these  three  classes  of  alcohols : — 

(a.)  Piimarif  alcohol  ft. — These  yield,  by  oxidation,  three  products ; 
vis,^  (0  **^  rtW^Ayt/^;  (2)  a  monobasic  acid;  and  (3)  an  ethrreot  mft,  the 
relative  quantities  of  each  of  these  producta  being  dependent  on  many 
causes,  such  as  the  temperature,  the  alcohol,  the  oridimng  agent,  i /* 
the  quantity  of  water  present     Thus : — 

(I.)  CH^eH,(on)  -h     o     =    CH3COH     +    HgO. 

Eihylic  alcohol     -|-     Oxygen    1=    Acetiu  aldehyde     +     Water. 

(2.)  CH/JOII      4-        0  ==       CnjCOOH. 

Aei5tic  Aldehyde    -f     Oxygen    = 


(;i)  CH.COOH 

Acetio  idd 


+      aH,{OH)     = 

+     Ethylic  alcohol    ^ 


Acetic  add, 
CU.COOCCHa) 

Ethylip  acetate 


+ 


Water. 


Thu4t  a  primartf  alcohol  yields  on  oxidation,  an  aldehyde,  flii  acid  eoi^ 
faining  the  mma  Hiitnber  of  cation  atoms  as  the  alcohol  otidised,  and  a» 
ethereal  ^alt, 

(/3,)  Secondarf/  ahohols. — These  yield  no  aldehyde  on  oattdation,  birt 
(1)  a  ketone f  wbicii,  by  the  prolonged  action  of  the  oxidising  ag^nt, 
becomes  (2)  an  acid^  bat  which  acid  contains  a  less  numl^r  of  carbon 
atoms  than  the  alcohol  oxidised, 

(y,)  Tertiary  alcohoh, — These  yield  no  hetonet  and  no  aldeh^dt  ofi 
oxidation,  but  one  or  more  acids  of  the  acetic  series.  Possibly  a  katoas 
may  be  formed,  but  it  has  never  yet  been  discovered. 

Preparation  {General  Methods)  of  the  Normal  Primary  Alcohols^ 

(1.)  From  the  paraffins  {OJl^^^), — This  is  illustrated  in  the 
paration  of  niethylic  alcohol  from  methane  (CH^),  as  follows : — 

(a.)  A  monoeblorinated  derivative  of  the  paraffin  is  first  formed, 
the  action  of  chlorine  on  the  paraMn.     Thus  : — 

CH^      +       CI2       ^  HOI  +         OH^OL 

Methane     -f-     Chlorine    ^     Hydrochlorio  acid     +     Methyl  oblofide* 
(j3.)  By  the  action  of  argentic  acetate  on  this  chlorinated  ddrivstii 
&n  ethereal  salt  is  formed.     Thus,  e.g. : — 

CnjCL       +    AgO^HaOs   ^        Aga       +  CH^CC^HjO,). 

Methyl        +        Argentic        ^        Aritjentic        +         Mot  hylic 
chloride  ncetate  n^hloride  acetate. 

(y.)  By  the  action  of  potassic  hydrate  on  this  ethereal  salt,  pol 

acetate  and  methylic  alcohol  are  formed. 

C3H3(CsH,0,)  +       KHO        =     CHa(OH)     +     KC,H,0,. 

llethylio         -|-         Potasiic         =        Methylift         +         Potaaric 
aeetate  hydiate  alcohol  acetate. 

[Conversely  it  may  be  noted  that  the  alcohol  may  bo  convert^ 
its  corresponding  paraffin  by  first  forming  from  it  a  chlorine  deni 
tive,  and  then  acting  on  the  chlorine  derivative  with  nascent  hydroj 
(see  page  630).'J 

(2.)  /Vow    the   oU/mee  ^(^Jl^.— Tta*  m^l  >i'^  ^^'wc^rtd   by  ti 


MONOHYDRIO 

'  fiiemodst  wKich  may  b©  illustrated  in  the  fonaation  of  ethjlio  alcohol 
Aom  ethylene  (C^.H^)  : — 

f(A.)  (Fint  process.)  (a,)  The  olefine  is  first  acted  on  ^th  sulphuric 
I,  whereby  an  acid  ether  of  sulphuric  acid  is  formed.     Thus  ; — 
C.H^        -I-        H^SO^       =  C2H5.HSO4. 

Ethylene        +         Sulphuric        ^        (Sulpho-vinic  acid)  or 
acid  hydric  ethylic  Bulptmto. 

l(/3.)  This  ethereal  salt  is  now  distiUod  with  water,  when  the  alcohol 

sulphuric  acid  are  formed.     Thus  : — 

C,H53S0,     +        H,0      =    C,H,(HO)  +        H^SO,. 

-h        Water        =        Ethylic         -f 


Sulpho-vixuc 
mdd. 


Ethylic 
lUooWl 


Sulplituic 
acid. 


L)  ^Second  procegs.)    (a-)    By  the  action  of   hypochlorous    acid 
,  the  olefine,    a   monochlorinated   moiiohydnc    alcohol   is    formed. 


C^jKi 

+ 

HCIO 

=- 

CjH^ClfOH). 

^thyleod 

+ 

Hyporhlorous 
acid 

= 

Chlorinated  ethyHo 
alcohol. 

Chlorinnted  ethylic 
alcohol 


\(fi)  When  this  is  acted  on  with  nascent  hydrogen,  the  alcohol  and 
ochloric  acid  are  formed, 

0«H,C1(0H)      +        H.        =CsH3(0H)+       HOI. 

-j-     Hydrogen    ^       Ethylic    +     Hydrochloric 
filcohol  ani^id. 

[[Conversely,  by  the  abstraction  of  the  elements  of  water,  the  olefins 
iy  be  prepared  from  the  alcohol     Thus  : — 

C2H5(OH)     —     H,o     =      c^n^.   -| 

Zthylic  alcohol        -^        "Water        ^        Acetykne,  J 

FflJ.)  From  the  nnrmal  priman/  (a)  aldchffdts^  or  from  the  (/3)  anhfdridis 

\the  a*:^tir.  series. — By  the  action  of  nascent  hydrogen  in  each  case : — 

1.)  H(COH)  +  Hs  =  CH^(OH)  ;     Cn^lCOH)  +  H^  =  OjH5(OH). 

Formic      -f  Hy-  ^    Me  thy  lie  Acotio         +  2y-  ^      Ethylic 

«]debyde        drogeo         alcohol;  aldehyde  drogon  alcohol, 

8y  the  action  of  nascent  hydrogen  on  the  isoprimaiy  aldehydea  of 
acetic  aeries,  isoprimary  alcohols  are  formed.] 

Water. 

,  One  alcohol  may  be  prepared  from  the  alcohol  immediaieltf  pre* 
fil  in  the  series. — Thus  formic  aldehyde  yields  methylic  alcohol, 
methylic  alcohol  may  be  made  to  yield  ethylic  alcohol     Thus : — 
.)  lodanuthane  (CII^I)  is  first  formed  by  the  action  of  hydriodio 
1 1  on  methylic  alcohol 

[/3.)  Cifanomethtne  (CH3(CN))  is   then    formed  "by  11:1^  «^\ioii  ol 
cyanide  on  iodometbane. 

o  o 


CHjCO )  0 

+      4H^      =     2[C,H,(0H)]     -h 

Acetic 
•nfardrida 

+   Hydrogen  =s           EthyHo            + 
alcohol 
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(yO  Sfxlic  at  date  (NaC^HjOg)  is  formed  by  digestiDg  cjanometJmnv 
with  sodic  hydrate. 

(3.)  Avetii  iihJehijih  (CH,jCOII)  is  formed  by  distiUiug  sodic  ticetatd 
with  potasdc  formate. 

(<.)  EthtfUc  alcohol  (CoIT5(0H))  is  formed  by  the  action  of  nascent  | 
hydrogen  on  acetic  aldehyde. 

Similarly  normal  primary  propylic  alcohol  may  be  prepared  from  J 
€  thy  lie  alcohol  J  etc  J 

Normal  secondan/  nlcohoh  are  prepared  (a)  by  the  action  of  nascefll 
hydrogen  on  the  normal  primary  ketones,  and  (y3)  from  the  nomifl 
primary  paraffins*  ■ 

Ttrtiiiry  alcohoU  may  be  prepared  by  the  action  of  water  on  tifl 
product  formed  by  the  action  of  the  xinc  organo-metallic  comjiouBiB 
on  the  acid  chlorides  of  the  form  C^n^^^-jCOCl*  M 

General  Properties. — (a,)  PhjmcnL — All  the  alcohols  of  tM 
ethylic  eerioa  are  colorless,  and  possess  a  more  or  less  powerful  odoifl 
The  ^rst  nine  are  colorless  lii|aids.  The  first  two  (methylic  anj 
ethylic  alcohol)  are  mobile  liquids,  and  are  soluble  in  water  in  iH 
proportiona»  hut  the  third  (propylic  alcohol)  has  not  unlimited  Bolfl 
bility.  From  this  point  the  liquids  get  thicker,  their  boiIilH 
points  higher  J  and  their  solubility  in  water  less.  Thus  butylic  alcobH 
is  not  very  soluble,  amylic  alcohol  is  very  sparingly  soluble,  a^| 
hexylic  alcohol  is  insoluble  in  water,  Caprylic  alcohol  leaY66  H 
greasy  stain  when  dropped  od  paper.  From  nonylic  alcohol  dawfl 
wards,  the  members  of  the  series  are  solid.  ^^H 

One  molecule  in  each  case  yields  two  molecules  of  vapor.         ^^H 

(/3.)  ChimimL  With  phosphtrnis  pertta&nlphidiiy  the  ethylic  SSl^| 
form  mercaptana  or  sulphydrates  (5(C2n5(OH))-fPp85=5{  04,115(81^8 
{ethylic  sulphydntie)  +  PeO^) ;  with  oxyadds  they  form  ethereal  sllH 
(CsH^lOn)  +  HNO3  =='(CeH5)N03  {ethylic  nitrau)  -h  HgO);  irA 
haluid  avidA  or  with  compounds  of  phoEphoms  and  the  haloids,  they  M^^ 
monohaloid  derivatives  of  the  corresponding  paraffins  (CIl3(0II)  fl 
HI  =^  Cn  ,1  {iodtmu  thane)  +  TlaO) ;  with  the  aU aline  mctah^  hydn)g^| 
is  evolved,  and  a  metallic  derivative  formed  (2{C,n5(OH))  -h  Nftf^B 
2(CnH5{nNa))  +  nj>  which  metftllic  derivative  is  decomposed  ifl 
water,  with  tlie  formation  of  a  metallic  hydrate  and  the  alcohfl 
(CJl5(0Na)  +  n^O  =  C.n5(On)  +  NanO).  Their  reactions  «9 
oxidising  atjeitis  have  been  deseribod  (p.  560),  whilst  with  dehydrat^M 
ttt/enta  the  corresponding  olefine  is  formed  by  the  abstraction  of  wotfl 

(c,H3(ori)  —  UoO  =  c.n,  +  ir.O).  ■ 

(1.)    Metliylic  Alcohol    (C^iOH)    or    Mg{OH).     [if^^^entfl 

weifjht  S2,       MoUndar  mhmu    LL_f  *    Specijic  gravity ^  0'79S.     BmUm 

151-7'^   F.    (6fi-5''    0.)      100    ci.  «/  the   vapor  weigh  24'684  ^3.,   dH 

1  litre  l'43Z  gmu.^  ^ 

Synonyms. —  Carbimd ;  Wood  or  Pyroxylic  ^piiit;   ffydrtm/imthtoM 

J^jftvligneom  ether.  ■ 


METHYLIC   ALCOHOL.  563 

Preparation, — 1.  From  the  paraffin  methane  (General  Methods,  1). 

2.  From  formic  aldehyde  (General  Methods,  3  (a). 

3.  Bj  the  action  of  potassic  hydrate  on  the  oil  of  the  Gaultheria 
procumbens  (wintergreen ;  methylic  salicylate). 

[This  oil  was  the  first  vegetable  product  prepared  artificially. 
Thus : — ^By  the  action  of  potassic  hydrate  on  salicin,  salicylic  acid 
is  formed,  and  this,  when  distilled  with  wood  spirit  and  sulphuric 
acid  yields  the  artificial  oil.] 

C6H4(0H).G0..CH3  +  KHO  =  C6H4(0n).C02K  +  CHaCOH). 

Methylic  Balicylate      +  Potassic  =     Potassic  salicylate      +      Metbylic 
hydrate  alcohol. 

4.  By  the  action  of  heat  on  the  nitrite  of  methylamine  : — 

(a.)  Methylamine  is  formed  by  the  action  of  nascent  hydrogen  on 
hydrocyanic  acid  ;  thus  — 

HON  +  211^  =       CHs.HoN. 

Hydrocyanic  acid         -|-        Hydrogen        =        Methylamine. 

(jff).  By  boiling  the  solution  of  nitrite  of  methylamine,  nitrogen, 
eatery  and  methylic  alcohol  are  formed  ;  thus — 

CH3.H3N(N0,)      =      N,       +       H.0       +       CHjCGH). 
KHrite  of  methylamine     =   Nitrogen    -|-       Water       +     Methylic  alcohol. 

5.  Commercial  process.  It  is  prepared  from  the  watery  liquid,  or  cru4e 
wood  vinegar  as  it  is  called,  produced  by  the  destructive  distillation  of 
wood,  and  which  contains  1  part  of  naphtha  and  20  parts  of  acetic  acid. 

This  watery  liquid  is  first  of  all  distilled,  the  portion  that  distils 

over  at  a  temperature  below  212°  F.  (100°  C.),  being  collected  sepa- 

.  lately.     This  contains  methylic  alcohol,  acetone,  acetate  of  methyl, 

I  certain  oily  substances  to  which  its  odor  is  largely  due.    To  this 

ate  slaked  Hme  is  added,  and  the  clear  liquor  (that  is,  the  liquid 

awn  from  the  centre,  by  which  means  the  lime  which  sinks  and  the  oil 

at  floats  are  avoided)  is  several  times  redistilled.     This  distillate  is 

saturated  with  calcic  chloride,  whereby  a  crystalline  compoimd 

MOaCI^4CH40),  containing  four  molecules  of  methylic  alcohol  and  one 

le  of  calcic  chloride,  is  formed.     This  solid  residue  is  now  heated 

212°  F.  (100°  C.),  (beyond  which  temperature  it  would  be  de- 

1),  to   drive  off  any  acetone   or  methylic  acetate  present. 

Fater  is  now  added  to  the  dried  residue  to  decompose  it,  and  the 

t)hol  distilled  off.     Finally  the   methylic  alcohol  is  purified  by 

fication,  and  rendered  anhydrous  by  distillation  after  digestion 

L  powdered  quickUme. 

The  purest  methylic  alcohol  is  prepared  by  the  action  of  water  on 

hylic  oxalate. 

Properties. — (a.)  Physical.     When  pure^  methylic  alcohol  is  a  thiiL 
ftilorless  liquid,  having  a  taste  and  odor  very  like  ethyVic  ficoVioV,  "IVv^ 
truiie  alcohol  has  an  offensive  odor  and  a  burning  taate.     S\)Q^\^^ 
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gravity  0*798  at  20°  0,  Boiling  point  161-7^  F.  (66-5*^  C).  It  mixes 
with  water  (condeasatlon  resulting)  lE  all  proportioDs,  and  it  is  (like 
ethylic  alcohol)  a  eolvent  of  reeins,  volatile  oils,  etc.  J 

(/3.)  ChauicaL — It  unites  with  certain  salts  in  the  capacity  of  water  ofl 
crystallization  (e.ff,  Ca01g,2CHj,0H),  It  unites  wtih  the  alkaline  metolM 
formiDg  methylates,  hydrogee  being  evolved  (2CH^.0H  +  E^  ^ 
2CH;^.(}K  +  lie) ;  it  also  dissolves  caustic  soda,  potaah,  baryta,  et^ 
(BaO,2CH40).  Distilled  with  chloride  of  lima  and  waUr  it  fottH 
chloroform  (see  Chloroform) ;  by  oxidatioriy  as  by  exposure  to  air  oA 
platinum    black,  it  yields   formic  acid  (Cn^illO)    -|-  Og  ^  H^O  4l 

cn,o,).  I 

It  burns  in  lamps  yielding  a  pale^colored  flame,  which  depodlw 
no  soot  I 

Uses. — In  the  arts  it  is  employed  as  a  solvent  of  resins  for  vmM 
nishes,  and  for  burning  in  lamps  as  a  Afa^/«^7  power  only.     AlsofflM 
mixing  with  pure  alcohol  to  Jbrm  methjflated  spirit  (=  ethylic  alcohol 
90  parts — methylic  alcohol  10  parta.     Specific  gravity  0-83).  J 

(2.)  Ethylic  Alcohol  (C.H^fOH)  or  Et  (OH).  iMohcular  v&m 
46.  Mofeeular  mlume  lUH  •  Sptcijk  gravity  07938  at  15^  0-  BotliM 
point  173'' F,  i7B^4'' 0,).]  ■ 

Si/noni/ms, — Alcohol ;  Vinic  alcohol;  Spirits  of  wine;  Methyl  can&Bifl 
CH3{Cn,^0H) ;  Rydroxyl  tthene.  ■ 

Preparation. — { L)  From  the  olefine  ethylene,  CgH4  {see  Qencflfl 
Methods  2).  1 

[Note,  Ethylene  may  be  prepared  by  the  direct  union  of  carboJP 
and  hydroges.] 

(2.)  By  the  fermentation  of  grape  sugar, 

Proptrties. — A  colorless  liquid  having  an  agreeable  taste  and  odoy 
It  burns  with  a  non-luminoos  smokeless  flame,  requiring  three  tinfl 
its  own  volume  of  oxygen  for  complete  combustion.  When  imp^ 
fectly  burnt,  an  acrid  volatile  compound  is  formed.  AnhyditM 
alcohol  boils  at  173'^  F.  (78*3''  C.)  at  standard  pressure*  By  dilulijl 
the  boiling  point  becomes  gradually  higher,  I 

It  has  never  been  frozen,  ■ 

Action  of  water  on  ah  ohoL— Alcohol  is  very  hygroscopic,  and  imJM 
with  water  in  all  proportions,  heat  and  contraction  of  volume  ^|fl|fl 
ing  from  their  admixture.  ^^H 

To  determine  the  amount  of  alcohol  present  in  any  mixture,  8^^| 
quantity  must  bo  distilled  until  all  the  alcohol  has  passed  over.  Til 
distillate  is  then  to  he  weighed,  and  its  specific  gravity  taken,  tfl 
pei'centage  of  alcohol  being  determined  by  table  (Table  VII.).        M 

Proof  spirit  (that  is  the  weakest  spirit  that  will  fire  gunpoviB 
when  moistened  with  it  and  ignited),  has  a  gravity  of  0*92  and  oofl 
tains  in  every  100  parts  by  weight —  ■ 

Water  50-76.  fl 

^  AlcoWl         ...  \^'K.  m 


ireaker  spirit  does  not  fire  gunpowder^  and  is  termed  ''  under 
H}J\  *'  a  stronger  spirit  being  spoken  of  as  **  over  prooj\^^ 
[By  distillation,  a  weak  spirit  may  be  made  to  yield  a  90  per 
Qt.  alcohol  (that  is,  a  spirit  coataining  90  per  cent*  of  alcohol),  but 
distillation  will  not  effect  the  separation  of  the  laat  10  per  cent,  of 
\rater,  A  farther  separation  of  6  per  cent,  of  water  (that  is,  th© 
fonnation  of  a  95  per  cent,  alcohol)  may  be  effected  by  enclosing  the 
alcohol  in  a  bladder,  through  which  the  water  exudes  more  rapidly 
than  th©  alcohol.  An  alcohol  of  89  per  cent,  may  be  obtained  by 
diaaolving  dry  potassic  carbonate  in  the  alcohol  to  saturation.  The 
solution  separates  into  two  layers,  the  upper  consisting  of  spirit 
of  fi9  per  cent.,  and  the  lower  of  water,  containing  potassic  oarbo* 
nate  in  solution.  Absolute  alcohol  (100  per  cent.)  is  prepared  by 
digesting  the  alcohol  with  quick  Hme  for  three  or  four  days^  and  dis- 
tilling*    It  is  very  hygroscopic. 

Cdotiaercial  rectified  spirit  contaiDA  13  or  14  per  cent*  ol  water*    Sp.  Qt.  0*835. 
proof  „  49*5  „  „  Sp.  Gr,  0"9198. 

(Alcohol  dissolves  numerous  salts,  but  no  salts  are  soluble  in  alcohol 

it  are  insoluble  in  water.     It  dissolves  most  deliquescent  salts,  and 

(It  few   efflorescent  salts.     With  some  it  forme  definite  crystalline 

Qpounds,  called  alcohol ates,  i*  e.^  salts  containing  alcohol  in   the 

ce  of  water  of  crystallization^  as,  e.  g.,  ZnCls,2C2lIgO,  etc.     These 

iiee  are  decomposed  by  water.       It  also    dissolves    the    alkaline 

ttaUf  hydrogen   being    evolved   formiug  (J0H5KO    and   CeH^NaO; 

i  the  elementary  gases  0,  H,  and  N ;  also  the  gftseous  hydrocarbons; 

certain  organic  bodies,    such  as  the  alkaloids^  resins,  essential 

etc* 

i  the  vapor  of  alcohol  is  passed  through  a  red-hot  tube,  it  yields 

gaa,  carbonic  oxide  and  hydrogen  (CgH^O—UH^H- H^+ CO), 

ber  bodies,  such  as  C^Hg,  C^jHg,  etc.,  being  also  formed. 

lAciiim  0/ chlorine, — By  the  action  of  chlorine  on  absolute  alcohol^  con- 

cmed  until  hydrochloric  acid  ceases  to  be  evolved,  ethyiic  acetate 

id  chloral  hydrate  ( trichloraldehyde)  are  formed  : — 


:^5.0H 

-h 

4CL 

== 

€ci,.cn(on). 

+ 

CoHsCl 

+ 

4Ha 

EOiylic 
•luobol 

+  Chlorine 

= 

Chloml  hydrate 

+ 

EthyUo 
chloride 

4-    Hydro- 
chlorio  acid, 

i  By  the  action  of  chlorine  on  dilute  alcohol,  aldehyde  but  no  chloral  is 


By  the  action  of  chlorine  on  alcohol  in  the  presence  of  alkaliis  (or  by 
iie  action  on  the  alcohol  of  chloride  of  lime),  chloroform  and  carbonio 

hydride  are  formed.     Thus — 
|!,B,(OH)+     5C1.     +  H.O  =.     COe     +       7HC1      +     CHQ,. 

Elhyhc    +  Chlorine  +  Water  =  Citrhonic  +  Hydrochloric  +  ChlotoCotB^ 
kkohol  anhydride  acid 

Kumerous  intermediate  producia  may  also  be  formed. 


By  oxuhtion  alcohol  (C2H5O)  is  converted  into  aldehyde  ^C^ll^U), 
and  finallv,  into  acetic  acid  (021140.), 

Sulphuric  acid  combines  with  dilute  alcohol  to  form  ethyl- sulphuric 
acid  (Og]l5)IIS04.  When  eulphnric  anhydride  acts  on  anhydroui 
alcohol,  a  white  substance  called  ethionic  oxide  is  formed  (CgH48,,0fi), 
which,  when  diasolved  in  water,  forma  ethiomc  acid  (O^UgiS^O^), 

When  aleohul  is  allowed  to  act  on  fused  potassic  hydrate,  hydrogen 
is  eyolvod  and  potassic  acetate  is  formed.     Thus — 

KHO       +       C,H,(OH)       ^       KaH.O,       +       2n,, 
Potassic  hydrate  +  Alcohol  ^    Potoasic  acetate    +     Hydrogen- 

(3»)  Propylic  Alcohol,  C^H^COH).— This  alcohol  exists  in  two 
isomeric  modifications,  via.,  a  normal  primary  propifHc  alcohol,  termed 
ethifl  earbhiotf  and  a  ueondnrtf  impropylic  alcohol^  called  dimethyl  carhinoL 
These  may  be  figured  as  follows — 


Konnal  propylic  alcohol 
(primary). 

=c,,nj.cUj.0H 

n 

I 

CHj— C— OH 

I 
H 


Isooropylic  alcohol 
J  secondary). 

=Cn(CH,).pH 
H 

I 

CH.,— C— OH 

I 
CH, 


fa)t  Normal  proptfUc  alcohol,  or  ethyl  carbinol,  may  be  prepared  tn 

ethyl  alcohol  («m  General  Methods,  4,  page  561). 

Proptriks, — An  oily  liquid,  yielding  propionic  acid  by  oxidation, 
0.)  hopropi/lic   alcvhotf   or   dimethyl   carbinol,   may  bo   prep 

from  acetone  (CH3)*>C0"  by  the  action  npon  it  of  nascent  hydrog 

Thns— 


Aoetone 


+ 
H- 


=      CH(CH3),(0H). 
^        laopropylio  alcohoL 


H3 
nydrogen 

Preperiie^s. — A  colorless  liquid;  Sp.  Gr.  0-79r  F,  at  15°  C 
at  185^  F.  (%hP  C).    It  does  not  freeze  at  —  4°  F.  {—  20°  C:).    It 
no  action  on  a  polarijeod  ray  of  light.     It  forms  hydrates  of  re 
able  stability.     It  yields,  by  oxidation^  first  (a),  acetone ;  and 
(/3),  acetic  ac-id. 

(a.)  OH(Cn,)s(OH)      +  0  = 

Isopropylic  alcohol        +        Oxygen        ^ 

(/30  co(cn,).  +  20^  =  CHjCO^n 

Acetone      H-  Oxygen  ^  Acetic 


CO(CH,)e 
Acetone 


4- 


neicl 


CO. 


Oftrbonic 
anhydride 


H.O. 
WHlor. 

HoO. 

Water. 


(40  Butylic  Alcohol^  041X9(011). — There  are  four  iaomeriei»^^*^ 
JScations  of  thm  akoliol.    Tkua — 
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butylic  alcohol^  may  be  prepared  from  butylic  aldehyde  by  tbe  action 
of  nascent  hydrogen.     It  boils  at  2408°  F.  (1 16°  C). 
On  oxidation  it  yields  normal  butyric  acid — 

C^H9(0H)     +02=-  C3H7CO(OH)     +     H^O. 
Butylic  alcohol    +     Oxygen    =    Normal  butyric  acid  +      Water. 
{ft,)    CH(CH3)2CH2(OH)    isopropt/l   carbinol,    or  iso-primary   butylic 
alcohol,  is  found  in  tbe  fusel  oil  formed  wben  beet  sugar  molasses  is 
fermented.    It  boils  at  223-2°  F.  (109°  C). 
On  oxidation  it  yields  tso-hntyric  acid. 

O^HpCOH)        +02=  CH(CH3)2C0(0H). 
Butylic  alcohol        +        Oxygen        ^         Isobutyric  acid. 

(y.)    0(CH3)(C2H5)H(OH).     Methyl    ethyl    carbinol,    or    secondary 

Imtylic  alcohol,  is  prepared  by  the  action  of  moist  argentic  oxide  on 

methyl-ethyl-iodo-methane,  formed  by  distilling  erythrite  {Q^^iQiK)^), 

a  saccharine  stibstance,  with  fuming  hydriodic  acid.     Thus — 

C(CH,)(C2H5)HI  +    AgHO   =      Agl    +C(0H3)(C2H5)H(0H). 

Methyl  ethyl  iodo-    +    Argentic    =    Argentic  +      Secondary  butylic 
methane  hydrate  iodide  alcohol. 

It  is  a  colorless  oily  liquid,  having  a  Sp.  (Jr.  of  0*85°  at  32° 
F.  (0°C.). 

On  oxidation  it  yields,  first,  methylethylketone^  and  finally,  acetic  acid. 
(3.)  C(CHs)30H. — Trimethykarbinol,  or  tertiary  butylic  alcohol,  is  pre- 
pared by  the  action  of  water  on  the  product  formed  by  the  action  of 
acetic  chloride  on  zincic  methide.     It  boils  at  180-5°  F.  (82-5°  C). 

On  oxidation  it  yields  isobutyric,  acetic  and  formic  acids ;  also  ace- 
tone, isobutylene,  carbonic  anhydride,  and  water. 

(5.)  Amylic  Alcohol  (C5Hii(0H)). — There  may  be  as  many  as 
eight  isomeric  modifications  of  this  alcohol,  five  of  which  are  known. 

The  ordinary  amylic  alcohol,  or  iso-amylic  alcohol  (isobutyl  carbi- 
nol),  is  the  fusel  oil  of  the  distiller.  It  is  said  to  be  a  mixture  of 
two  different  alcohols,  one  rotating  a  ray  of  polarized  light  to  the 
left,  and  boiling  at  262-4°  F.  (128°  C),  the  other  without  polar  action, 
«ad  boiling  at  266°  F.  (130°  C).  Amylic  alcohol  is  an  oily  liquid, 
^ming  a  Sp.  Or.  0*8111.  It  imparts  a  transient  greasy  stain  to  paper. 
On  oxidation  both  the  varieties  named  above,  yield  valeric  acid. 
Ofi^GR^K  +  Oo  =  C4H9.C0(0H)  -f  H,0. 
Amylic  alcohol        +        Oxygen        =        Valeric  acid        -f        Water. 

Vinylic  Series. 

Series  II. — Formula  CJl^n-fi'H.. 

The  relationship  between  the  vinylic  series  and  the  defines,  is 
Identical  to  that  subsisting  between  the  ethylic  series  of  alcohols  and 
Ifte  paraffins.    Thus:— 

(a.)  Paraffin;  Methane  CH^  and  CH3(0H)  meihylk  alcohol. 

(/J.)  Ol^fiw/.    Mhyfene  CM^  and  aH3(0H)  vniylic  alcohol. 
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Hub  series  includes — 


1.  Vinylic  alcohol 

2.  Allylic  alcohol 


CA(OH) 
C,H,(OH) 


(a.) 


C,H, 


+ 
Atetylene        + 

03.)    (C,H:,)HSO*     + 

Sulphovinylic  acid     + 


(1.)  Vinylic  Alcohol  (aH,(OH)),— It  is  prepared  (a)  by  first  com- 
bining  acetjiene  with  sulpkuric  acid,  and  (/5)  afterwards  distilling^  the 
product  with  water* 

HgSO^         =         (C,jH,)HS04. 
gulptmric  add        ^        Sulpbovinylic  acid. 

Water    s     SiLlphurio  acid     -f-      Vinylic  alcohol. 
It  Ib  a  punjjent  liquid,  isomeric  with  aldehyde  and  ethylenic  oxidi 
(2.)  AUyHc  Alcohol  (03H5(OH)).  [Specijk  gravity  at  32°  F.  (O'^ 

0^8709,     Boiling pomt,  204'8°F.  (96^0,),] 

Preparation. — ^It  may  he  formed  from  glycerin,  as  follows:— 
(1.)  (a.)  Allelic  iodiiU  (C3H5I)  is  first  formed  by  the  action  of 

phorufl  iodide  on  glycerin — 

2{C3H,(0H),)+  P,I^      =2CaH,X+     2H,P0,     +       I,, 

Glycerin        +      Phosphorua   ^    AUylio    4-    Phosphoroua   -j-     Iodine, 
iodido  iodide  acid 

(/3.)  Allylic  oxcdate  is  then  foi^med  by  the  action  of  argentic  oxakto 
on  allylic  iodide — 

2C,H,I      4-        Ag.CfiO^        =  2AgI  +  (C,H5)A0*' 

Allylic  iodido     -f     Argentic  oitdate    =    ArgentLC  iodide     +     Allylic  oxalalAt 
(y.)  Ailylic  alcohol  (  +  oxamide)  is  then  formed  by  the  action 
ammonia  on  the  allylic  oxalate— 

(C3H5),C,0^     ^       2NH3       ^  2(C,H,{0H))     -h  N,(C,0,)' 
Allylic  oxalate      +      Ammonia     ^      ABylio  alcohol      4"       Oxamido. 
(2.)  By  the  action  of  heat  on  a  mixture  of  glycerin  and  oxalS 
add. 

Glycerine      +      Oxalic      ^      Water      +      Carbonic      +       Allylie 
acid  anhydride  aJoohbL 

Propej-ties. — A  colorless  liquid.     Sp,  Gr.  0-8709.     Boils  at  204-8'^F, 
(96'^C.}.     It  18  combustible  and  soluble  in  water  in  all  proportions. 

Its  reactions  resemble  those  of  etbvlic  alcohoL 

With  the  haloidji  it  forms  both  derivatives,  such  as  C^H^Br,  etc.,  and 
compounds  such  as  03lIij01g(0H),    With  mdphuric  acid  it  forms  ally 
fixilphuric  f^d,  {Q^^UBO^,    With  the  alkaline  metah  it  forma  si 
stitution  products.    Nascent  hydrogen  has  no  action  upon  it.     By 
lion  it  yields  acrolein,  formic  acid  and  carbonic  anhydride. 

The  allylic  mtlphide  constitutes  the  oil  of  garlic  [(05H5)j8],  and 
formed  by  acting  on  eil^Uc  l^dkfii^  m^  i^Q^?&\a  sulphide  (a)*    Oil 
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mustard  contains  allylic  tulphocyanate,  and  is  formed  artificially  by  the 
action  of  potassic  sulphocyanate  on  allylic  iodide  ()3). 


+         KgS        =  2KI 

4-        Potassic        =  Potassio 

sulphide  iodide 

(fi.)  CjHal  +         KNCS          =  KI 

Alljlio     +     Potassio  solpho-     =  Potassic 

cyanate  iodide 


(a.)  2C3H5I 

AU]rlio 
iodide 


AllyUc 
ioude 


+        (0,H,)g8. 

+     Allylic  sulphide 
(garlic  oil). 

+       (C,H,)(NCS). 
+    Allylic  sulphocyanate 
(mustard  ou}. 


Sebies  UL.— Formula  O^B^ft^^^^OU). 

This  indndes — 

Propargylic  Alcohol  (CsH^COH)).  [Specific  gravity,  0-9628  a<68°F. 
(20°  C).     BoiU  at  239°  F.  ( 1 1 5°  C.).] 

Preparaiion. — ^By  the  action  of  potassic  hydrate  on  mono-brom- 
allylic  alcohol — 

CsRJ^riOn)     +     KHO    =    C3H3(OH)    +     KBr     +     H^O 
MooobTOniallylio    +    Potassic     =     Propargylic      +   Potassic    +    Water, 
alcohol  hydrate  alcohol  hromide 

Propertiei. — ^A  colorless  mobile  liquid. 

Benzylic  Series— The  Phenols. 

Sekies  Y.'-Formula  G^'B:^^^{0B.). 
These  alcohols  may  be  divided  into  two  classes  : — 


L  Benzylic  Series  (normal  alcohols). 

Boiling  Point. 

MelU  at 

^      Alcohols. 

Formula. 

Specific 
Gravity. 

°F. 

°C. 

°F. 

°C. 

Bauylio      ..     .. 

Xylilie(toluylic).. 
Cuulie..     ..     .. 

Bfeooerylio  .  • 

C,H,(OH) 

m 

1-061  at  14°  C. 

4037 
422-6 
469-4 

206-6 
217-0 
243-0 

1391 
194-0. 

69-6 
90-0 

II.  Phenols. 

Vhcnylic 

&Mylio       ..     .. 
moral 

Hymylio     ..     .. 

C.(CttJH,(OH) 
C,(C,lfjU,(OH) 
C.(Cfl,),H,(OH) 

C,(CA)A(OH) 

1-068 

1037  at  12°  C. 

356 
383—392 
374-392 

410 

428 

180 
196-200 
190—200 

210 

220 

960 
111-2 

360 
44-0 

These  aloo] 
carbonsy  byih< 
of  hydrogen. 

Thqrfonn 

iols  are  derivs 
B  substitution  of 

well-isArJredf  aui 

ktives  of  the 
a  semi-moleci 

batitution  con 

C„H^-6 
iileofhyd] 

ipounda  1 

series  of 
roxyl  for  0 

i?liQn  ac;V 

hydr 
neato 

iA.  on. 

0- 

Dl 

^1 
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dilorine,  nitric  acidj  etc.,  but  they  never  form  additive  componndf?;  for 
like  the  hydrocarbons,  fironi  which  they  are  derived,  they  are  fully 
saturated  bodiea 

The  haloid  acids  are  without  action  on  them,  whilst  with  sulphuric 
acid  they  yield  sulphonic  acids,  which,  by  fusion  with  potassic 
hydrate,  are  convertible  into  dihydric  alcohols. 

It  will  be  noted  that  all  the  series  of  alcohols  preceding  the  phenols, 
differ  strikingly  in  these  respects  from  the  phenold,  (a.)  They  neither 
form  substitution  compoundB  under  the  same  circumstances,  nor  witli 
the  same  ease,  as  the  phenols.  (/I)  With  the  haloid  acids  they  form 
derivatives,  and  (y)  with  sulphuric  acid  they  form  acid  ethereal  salts, 
which,  when  treated  with  water,  re-produce  sulphuric  acid  and  the 
alcohol. 

Lastly,  the  products  of  the  oxidation  of  the  phenols  and  of  Ab 
alcohols  of  the  preceding  series,  are  completely  ditferent 

Preparation. — (U)  From  the  benztnet  (CoH^b^).  The  conversion  msy 
be  efifected  in  one  of  two  ways  : — 

(A.)  By  first  acting  on  the  hydrocarbon  with  sulphuric  acid,  and 
afterwards  fusing  the  potassic  salt  of  the  monosulphonic  acid  formed, 
with  potassic  hydrate* 

(B.)  By  the  action  of  nitrous  acid  on  the  amido-derivativo  of  the 
hydrocarboQ. 

Benzylic  Alcohol  (C^H^OH  or  C(iH^(CHj)On).   ISpetific  fpmit^, 

1-051  at  14*"  a     Boib  at  206-5'"  C] 

Freparatwn, — (L)  By  the  action  of  alcoholic  potassic  hydrate  oflj 
benzoic  aldehyde  (oil  of  bitter  almonds) — 

2C(jH5Con  +    Kno   -=   c^iItCOH)    +    Kcc^n^o^o. 

Poljwsaic     ^         Ben  zy  lie  +  PotAsaio 

bjdrate  lileohol  bt^uzoute. 

By  the  action  of  potassic  hydrate  on  tolujlic  i 


Benzok  + 

uldchyde 

(2,)  From  toluene, 

chloride. 

cKlofido 


-|-     PotiuMic      ^^        Bonzylic  -f         Potajsak; 

hydrate  &IfonoI  chloiide. 

(3.)  By  tlie  action  of  nascent  hydrogen  on  benzoic  or  hippuric  acii^j 

rr<yptrtiett, — A  colorless,  oily,  highly  refracting  liquid,  insoluble 

water,  but  soluble  in  all  proportioDs  in  alcohol,  ether,  acetic  acid,  »^^ 

carbonic  disulphide.  With  hydroMork  urid  it  furms  benzylic  chlori<J'*» 

Cfin5.CHg.Cl.     With  stronff  sulphunc  acid  it  forms  a  resinous  ho^S* 

Distilled  with  sulphuric  and  acetic  acids,   it   forms  benzyl  ao -"'*^ 

(C-T1^(0C,>1I <<J)),  a  liquid  having  a  pear  odor.    By  oxidation  with  ih' 

acid  it  forma  benzoic  aldehyde,  and  with  chromuj  add  benzoic  acid. 

Phenylic  Alcohol  {V^U^(On)), ^[Molecular  weight,  94.     Molecu^^ 

tolumt*  III-     S}Ki'iJic  gravity,   1*065  at  64 -4^  F.  ()8^a).     FuM»    ^[ 


93-2^  F.  (34^0.).     Boih  at  370-4'^  F.  (188"  C), 
J2*0i5  grms,,  and  I  litto  \1\\  ^ttqjb.^ 


100  o.i,  of  vapor  tce^^^ 
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Fiynonyms,^~Carholic  acid :  Phenylicacid;  PJienicacid;  Oxy-henzeiie ; 
Phenol ;  Coal  tar  Kreasote, 

Natural  History. — ^It  is  found  in  the  urine  of  cows  and  other 
animals. 

Preparation, — (1.)  By  the  action  of  nitrous  acid  on  amidobenzene 
(aniline).     Thus : — 

QjHjlNH^)     +     HNO,    =    CgH^COH)     +     H^O     +     N^. 
Aniliiie  +     Nitroua      =  Phenylic        -f    Wator      +  Nitrogen, 

acid  alco&ol 

(2.)  By  distilling  salicylic  acid  either  alone  or  mixed  with  lime,  etc. 

CfHA  =  QH,(OH)  +  CO,. 

Salicylic  acid  =  Phenylic  alcohol         +  Carhonic  anhydride. 

(3.)  (Commercial preparation.)  The  dead  oil  of  coal  tar  is  first  distilled, 
that  portion  which  passes  over  between  300°  and  400°  F.  (149°  and 
205°  C.)  being  collected  separately.  This  is  shaken  up  with  a  hot 
ooncentrated  solution  of  sodic  hydrate,  which  dissolves  the  carbolic 
9cid,  and  enables  it  to  be  separated  from  the  oil  that  floats  on  the 
euzface.  The  alkaline  solution  is  then  decomposed  with  hydrochloric 
acidy  vhen  the  carbolic  acid  separates  as  an  oily  layer  on  the  surface. 
This  is  drawn  oS,  digested  with  calcic  chloride  to  remove  the  water, 
and  distilled.  By  exposing  the  distilled  acid  to  a  low  temperature  it 
solidifies.    The  crystals  are  collected,  drained,  and  again  distilled. 

Sometimes  the  dead  oil  (without  distillation)  is  treated  with   a 
mixture  of  slaked  lime  and  water,   and  the  solution  which  cod  tains 
the  carbolic  acid,  drawn  off  from  the  oil  which  swims  on  the  surface. 
Testa  for  the  purity  of  carbolic  acid — 

(1.)  Shake  up  half  a  dram  of  the  acid  with  half  a  pint  of  warm 
water.  The  acid  is  perfectly  soluble  in  the  water,  whilst  any  dead  oil 
present  as  an  impurity  of  the  acid  will  float  on  the  surface. 

(2.)  Five  parts  of  pure  carbolic  acid  are  soluble  in  a  mixture  of  one 
part  of  caustic  soda  and  ten  parts  of  water. 

(3.)  Expose  a  mixture  of  carbolic  acid  (3  parts  by  weight)  and 
▼•ter  (1  part)  to  the  cold  of  ice,  when  crystals  are  deposited  having 
&e  formula  2C5H50.n20  soluble  in  alcohol,  in  ether  and  in  water, 
lie  crystals  melt  at  61°  F.  (161°  C). 
To  dutinffuish  carbolic  acid  from  kreasote  (the  product  of  wood) — 
Cabbolic  Acid.  Kiibasote. 


6!5*«- 


J-JoflsitSTO'  P.  (187-8°  C.) 

*•  poes  not  affect  a  polarized  ray. 

••  u  lolidified  by  cooling. 

*•  '<*ma  a  jelly  when    shaken    with 

.     eollodion. 

•• «  aoliible  in  a  strong  solution  of 

ttamonia  or  potassic  hydrate. 
••  BohOnlity  in  water;  1  in  20  at  212° 
,     F.;  luiSOatSO'F. 
'*  xenrio  chloride   turns  the    aqueous 

Mlution  blue. 
*>  <trrie  ehloride  tarns  tbo  solution  in 

Jikobal  btown. 


1.  Dries  up  at  212*'  F.  (100*  C). 

2.  liotatos  a  polarized  ray  to  the  right. 

3.  Not  solidified  by  ice  and  salt. 

4.  Is  unaffected  by  collodion. 

5.  Is  insoluble  in  ammonia  or  in  potassic 

hydrate  solutions. 
G.  Solubility  in  water;    1   in   130   at 
60*'  F. 

7.  Solution  not  colored  \A\io  "Vi-^  icma 

chloride. 

8.  Ferric  chloride  turns  Oio  6o\u\XoTi  Vs^^ 

alcohol  green. 
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Propet'tiei* — (a.)  PhymcaL  Carbolic  acid  wlien  pure,  ciystallkes  in 
oolorlesa  Deedles  which  ore  very  deliquesceat,  and  melt  at  93-2^  F, 
(84**  C),  forming  an  oily  liquid^  which  boils  at  370'4''  F.  (188^  C).  It 
haaa&pecific  gravity  at  1 8*^0,  of  1  065,  Its  odor  is  peculiar,  and  its  action 
caustic.  It  18  not  easily  decompoaed  even  by  a  red  heat  Distilled  oter 
heated  zinc  dust,  it  yields  bemeene.  It  ia  slightly  soluble  in  wat^r^ 
but  is  very  soluble  in  alcohol  and  in  ether,  and  ia  a  solvent  of  sulphur, 
iodine,  etc.     Its  special  action  is  aeti septic. 

Its  appearance  to  the  naked  eye  closely  resembles  kreasote,  from 
which  it  may  be  known  by  the  tests  already  described, 

(/3.)  ChemicaL  Its  solution  is  not  acid  to  litmus.  7%e  haloid 
elements  form  with  it  substitution  compounds  (as  C^H^ClglUHi 
and  QqC\^{01I)  pentachhritphertol).  With  nitric  aeid  it  fomts 
C6H4(N02)OH.  C6H3(NO£).pn,  and  finally  the  substitution  product 
CglL.fNOg)  ,(0H ),  ovptcrie  arid.  All  its  nitro  derivatives  decompose  the 
metallic  carbonates.  With  sulphuric  acid  it  forms  phenol  disulphonic 
acid,  C(jH30H(803H)g.  The  hulotd  acids  are  without  action  upon  it 
The  alkalies  (but  not  the  alkaline  carbonates)  dissolve  it,  forming 
phenates.  By  o^daiion  with  chromic  acid  it  yields  phenoquinone* 
3LC6H,(OH)]  +  0,  +  H,0  =  C6H,(O.0C,H^),  +  3H,0. 
Phtiiiylie  ftlcohol  Pbeno-iiTuaone. 

Cresylic  Alcohol  (^^^^O  C6H4(CH3}OH,— This  occurs  in  three 
modilications,  which  yield  three  isomeric  cresol^sulphonic  acids. 

(a.)  Parucresol  is  a  solid  crystalline  body,  boiling  at  392°  F. 
(200^  C).  When  fused  with  potasaic  hydrate,  par acresol  yields />oiow»<? 
paroxtfbtmoate,  Cfin4(  OH )CO^K. 

(j3,)  Metmre^d  m  a  liquid,  and  boils  at  392°  F,  (200°  C).  Wh«ll 
fused  with  potassio  hydrate,  metacrosol  yields  potaam-  metoj-t^hentcaiiii 

(y.)  OrthoiT£.^ol  is  a  liquid,  and  boils  at  372  2^  F.  (189^  0),     Whei 
fused   with    potassio    hydrate,    orthocresol    yields    potassir   siditrfltiti^ 
(orthoxybenzoate) . 

Thymylic  Alcohol  C6(C.H5)«H3(OH).— The  thymols  exi^t  m  twol 
isomeric  lurms,  Tht/mol  (a)  is  found  in  the  oil  of  thyme  and  otherj 
plants.  It  is  a  cryetalline  solid,  melliiig  at  111-2"  F.  (44^C.)i  ^''^j 
boiling  at  428"  F.  (220'-^  C\).  By  the  action  of  sulphuric  acid  it  i 
completely  converted  into  a  sidpho-acid.  Thymol  (/})  is  a  yellow  vi«cii| 
oil  which,  by  the  action  of  sulphuric  acid,  is  only  very  partially  coa-^ 
verted  into  a  aiilpho-acid. 

This  includes — 


Cinnamie    al- 
cohol. 


Clio2eeterin , 


C,H,(OK) 


C^«(,OB^ 


Jhreparfition. — By  beating  atyracin  with   potatfio  ^f 
(irate.     With    ntmcent    hydropen   it   fornii    pbflfll*^ 
propylic  alcohol  and  allyl  bt?nzene.      By  a/*^**  j 
it    yields    einDaiidc    mldebyde.        Melting   po^'''^l 
91-4°  F. ;  33^  €,  J 

K  cr^isXaWvivQ  wj^^^fccAAixt  in  different  parti  of  ^^ 


DIHYDBIO  AL0OH0L8. 

B -DIHTDRIC  ALCOHOLS. 

The  Glycols. 

Sebies  1.— Formula  CJBi^{0^)^, 
This  series  includes — 
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Glycols. 

Formula. 

Boiling  Point. 

OF. 

oC. 

Ethylene  glycol     

Propylene     „        

Bntylene      ,,         

C,H,(OH), 
C,H,(OH), 
C,H.(OH), 

C,H,,(OH), 

387-6 
370-4—372-2 
361-4—363-2 

360-6 

404-6 
456—464 

197-5 
188—189 
183—184 

AmYlene      -        

177 

Hexrlene    ,,        

207 

o^^       ::  :: 

235—  240 

The  glycols  (or  diatomic  alcohols)  may  be  regarded  (I)  <u  deri- 
vatipei  of  the  paraffins,  where  two  atoms  of  hydrogen  are  replaced  by 
two  eemi-molecules  of  hydroxyl  (OH).    Thus — 
Ethane  0«H(j  forms  0gH4(0H)j,  glycol 
Propane  CsHg    „     CsH6(OH)2,  propylene  glycol,  etc.,  * 
Or  (2)  they  may  be  regarded  as  compounds  of  the  olefines  with  hydroxyl. 
Thus — 

Ethylene  C^H*     +     (OH)^  forms  Q^^{OW)^,  ethylene  glycol. 

Jhropylene  C^    4-     (OH)^      „     C3H6(0H)o,  propylene  glycol,  etc. 

Preparation. — From  the  olefines.     "We  may  illustrate  this  in  the  pre- 
paration of  glycol : — 

(a.)  A  dihromide  (G^Kfir^  is  first  formed  by  the  action  of  bromine 
on  ethylene : — 

(/3.)  A  diacetate  of  the  olefine  is  now  formed,  by  the  action  of  argentic 
or  potaseic  acetate  on  the  dibromide.     Thus : — 

CjH^Brg     +      2AgC2H302      =     2AgBr     +     Q^^^iO^TLfi^)^. 
Bthylene  di-   4*  Argentic  ^     Argentic      4*  Ethylenic 

bromide  acetate  bromide  diacetate. 

(y.)  A  gUfcol  (4-potassic  acetate)  is  now  formed,  by  treating  the 
diacetate  with  potassic  hydrate.     Thus : — 

C,H4(0,H502)«     +     2KH0     =     2KCgH30j     +     G^RJifm)^ 
Etbylenio  +      Potassic     ^  Potassic  4*         Glycol, 

diarifttat^  hydrate  acetate 

Properties. — (a.)  Phyeieal.  Ethylene  glycol  (commonly  called  glycol)  is 
tile  only  member  of  the  series  that  has  been  particularly  studied.  The 
tfyools  are  colorless  liquids,  without  odor,  freely  soluble  in  water  and 
in  alcohol,  and  also  (excepting  ethylene  glycol)  in  ether. 

fJL)  Chemical.    The  reactions  of  the  glycols  are  similar  to  those  ot 
^  monatomio  alcohols,  excepting  in  this,  that  having  two  ^QTQi-TSi!(Ad^ 
cdes  of  replacesh/e  hydroxyl,  two  series  of  products  Teeuit. 
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BKISTRV, 


With  sodium  and  potassium  the  glycols  form  two  substitution  pro- 
ducts.    Thus:— 

C5n^(nO)(NaO) ;  aH,(NaOV 

Monosodio  gl)«o] ;  Biiodic  glyeoK 

These  compounds  form  the  alcoholic  ethers  of  the  glycols  when 
treated  with  a  monatomic  alcoholic  iodide.     Thus: — 

Nal 


C,H,(OH)(ONa)    + 

Monosodio  + 

glycol 


C,H,T    = 

Ethylic 
iodide 


=      So<lic 
iodide 


+     aH»(C,HsO)(OID. 

-f  Etbrlic  ethyuate. 


Oonfgen  acid  ft  form  with  the  glycols,  ethereal  salts,  which  are  mono-  or 
di'-acid,  according  to  the  proportions  of  the  reagents  respectively 
tised.  The  haloid  arkh  and  haloid  phosphonis  compounds  form  with 
them  mono-  and  di-haloid  derivatives.  Potnmt^  hf/drate,  when  heated 
with  glycol,  forms  potassic  oxalate  (aH4(OH)2+2KHO=Co03(OK). 
+  4II.^.),  By  tuidation  glycol  yields  (a)  first  glycolic  acid  (other  afil>, 
Tarj'iag  with  the  glycol  acted  upon,  being  formed),  and  finally  •> 
oxalin  acid. 

(a.)  CaH,(0H)2   +    O2   ^   cn.(on)CO(OH)   +    oil. 

Glycol  -f  Oxygen  =  GlycolHc  acid  -h      Water. 

(ft,)  CH2(0H)Cn(0H)     +     0,     ^     C^Oe(OH).     +     H/V 
GlycoUic  acid  4-  Oxygen  ^      Oxtilic  acid         +     Wat^jr, 

We  may  here  note  that  the  relationship  between  ethylic  alcohol, 
ethylic  aldehyde,  and  acetic  acid,  finds  its  counterpart  in  that  sub- 
sisting between  glycol,  glyoxal  (glycolic  aldehyde),  and  oxalic  acid. 
Thus:  — 

CH3COH, 
Aldftbyde, 

COHXOH, 
Glyoicid, 

Between  glycol  and  ethylic  alcohol  this  point  of  difference  is  to  1 
noted, — that  whereas  alcohol  forms  only  one  substitution  compou 
with  sodium,  sulphuric  acid,  etc,,  gh/col  forms  two.     Thus  : — 

Alcohol  forms —  Glf/col  forms — 

C.HsCONa),  C,H,(On)(0Na)  and  aH.fONa)., 

OoHsCHSO,) ;  OoH,(OH)(PISO,)  and  C,H,rHSO,\. 

By  heating  glycol  with  ethylenic  oxide  in  sealed  tubes,  a  series  ( 
compounds  called  pohfcthjlemc  fjhfcoh  for  alcohoh)  are  formed.  Tlief 
are  the  result  of  progressive  condensation  (although  normal  condeu^*] 
tion  to  two  volumes)  with  elirainatioTi  of  the  elements  of  water*  ThejM 
are  syrupy  liciuida,  diethylenic  glycol  boiling  at  473''  F,  (245'' Oif 
each  succeeding  term  of  the  series  boiling  at  about  81  degre^l 
Fahrenheit  (4.>' C.)  higher  than  the  one  below  it.  The  foiluvriii^l 
compounds  aro  known  :— 


CH3.CH.(0H), 

Ethylic  alpohol, 

cn,(on).CH2(OH), 

Glycol, 


CH3.00(0H)  ; 
Acetic  aeid ; 

co(OH)CO(on}. 

Oxalic  acid. 


TBIIIYBKIC   ALOOnOLS. 
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Alcohol. 


r'lenic  glycol 
lylcnic      „ 
hylenic    „ 
'.hylenic   „ 
hylenic    ,, 


Formula. 


C,H,oO,  =  2C,H,(0II),  -  HJD 
CV.II./),  =  3C,F1,(0II),  —  211,0 
CgH,/).  =  4C;H,(()II)2  —  3IIa() 
C\oH,,()«=  oC,H,(OII),  -  4H,0 
C.JI„(),=  6C,II,(0II),  —  6U,() 


Orcins— Aromatic  Glycols— Saligenin  Series. 

Series  IL— Formula  CJlan-Q(01l)o, 
is  series,  the  members  of  which  are  derivatives  of  benzene, 
de— 


oL 

Formula. 

MclUng  Pt. 

Preparation,  Properties,  etc. 

«F. 

3ol-6 

210-2 

232-7 
186-8 

179-6 

»C. 

one.. 

in    .. 
nol) 

Icohol 
lin) 

c,u,(on)3 

Ditto 
Ditto 

c.H,(cnj(on), 

C,H,(OH)Cn,(OH) 

177-5 
99-0 

111-6 
86-0 

82-0 

Preparation.— By  tho  dry  distillation  of 
quinic  acid.  Dy  oxidation  it  forms 
quinone. 

PrvparatioH,--Bj  fusing  resin  of  gal- 
banum  or  benzene  disulphonic  acid 
with  potassic  hydrate.  Soluble  in 
water,  alcohol,  and  ether.  Aoueons 
solutions  give  a  violet  with  Fe-Clg, 
and  reduce  AgNO,.  Forms  substi- 
tution compounds. 

Preparation. — By  the  distillation  of 
catechin,  etc.,  and  by  the  action  of 
alkalies  on  meta-iodophenol.  With 
FejCl^,  gives  a  dark  green  color,  and 
with  plumbic  acetate  a  white  pre- 
cipitate. 

Found  in  the  lichens  used  for  the  prepa- 
ration of  cudbear,  litmus,  etc.  May 
be  formed  artificially.  By  the  action 
of  ammonia  and  free  oxygen,  it 
forms  orcein  (C^II^NO,?),  the  color- 
ing matter  of  archil  and  cudbear. 
It  forms  numerous  substitution  pro- 
ducts with  the  haloids  and  with 
nitric  acid. 

Preparation.— By  the  decomposition  of 
saliein  under  the  influence  of  a  fer- 
ment as  synaptaso,  or  of  dilute  sul- 
phuric acid.  By  oxidation  it  yields 
8aU(;ylic  aldehyde,  C.II,(0n)C0n. 
"With  ferric  salts,  its  aqueous  solu- 
tion gives  an  indigo  blue  coloration. 

C-TEIHYDEIC  ALCOHOLS. 
Glycerin  Series.— Series  I.    Fm^ula  C^H^n.i  (OH),, 
a  includes — 

Olycenn       C,H.^(OIIV. 

Amjlgljcerin  C^ll.(^01l)v 


576 


MAKDHOOK  OF 


Glycerin —(CaH^COH),  ^  C(CH^.0H)2H.0H.)    ISpeciJic  fframM 
at  Gif  R  (15-a^  C),   r27.     BoiU  at  355-P  F,  (179-5^  C.)]  1 

iS^N  a«//m. — Pr open  1/1  a  ho  IwL 

Natural  Jlidort/,— It  occurs  in  most  animal  and  vegetable  fata 
in  combination  with  the  acids  of  the  aoetio  and  oleic  aeriee,  that 
is,  as  glycerides  or  ethereal  ealts,  Olive  oil,  for  example^  con- 
tains oleitif  or  a  gUicerUk  of  oleic  acid;  suet  contains  ^te*rnn^  or  & 
glyceridt  of  stearic  acid ;  palm  oil  contains  palmitin^  or  a  glyceridB  &f 
palmitic  acid.  From  these  bodies  glycerin  is  usually  prepared  as  & 
bye  product  in  the  manufacture  of  soap  and  candles. 

Preparation, — (1.)     By  the  action  on  fata  of  superheated  ateam. 

C3H5(C,eH^02)j     +     3H2O     =     CaHiCOH)^     +     ^C.^^^r 
SteAiin  +      Water      ^         Glycerin  -f       Stearic  wd^ 

ThuH,  glycerin  may  be  prepared  by  merely  distilling  the  fat  with 
superheated  steam  (see  Saponijicaiion  by  steam)^  when  decompositioB 
occurs,  and  the  distillate,  on  standing,  separates  into  two  parts,  the 
fSEitty  acids  floating  on  the  surface  of  the  glycerin. 

(2.)  By  the  action  of  a  base  on  fata  (sapomfication),  {Su  Soaps, 
Candles,  etc.) 

03H5(0,aH,50a)3  +   3NaH0  ^  CaHsfOH)^  +   aOieH^NaO,, 
Stearin  -f    Sodic  hy-  ^        Glycerin       +      Sodic  vteu«te. 

drate 

The  glycerin  eolution,  or  spent  lye  as  it  is  called,  (the  stearate  har- 
iDg  been  first  rendered  insoluble  by  the  addition  of  sodic  chloride,)  ii 
drawn  ofl",  and  distilled  in  a  current  of  superheated  steam.   The  wat( 
is  removed  from  the  diatillate  by  evaporation. 

Glycerin  is  formed  in  small  quantity  during  the  fermentation 
sugar, 

(3.)  Glycerin  may  be  prepared  synthetical ly,  by  digesting  trichlon 
bydrine  (O^HjClj,),  a  compound  formed  by  heating  together  propjlei 
and  iodine  chlorides  with  water  in  closed  tubes  at  aSS"^  F,  (170°  C.) 

C^H^OI,      4-       3n.O      =      C^H5(0H)i      +       sHca. 

TricLlorhydrine    +        Water         :=  Glycerin  +  Hydit)chlori8l 

Properties. — {«,)  PhysicaL     A  viscid  liquid  without  color  or 
It  has  a  sweet  taste.     Specific  gravity  V27, 

miction  (f  heat. — At  ordinary  pressure  glycerin  cannot  be   distfll* 
without  undergoiDg  decomposition,  darkening  in  color,  and  evolvifii 
(amongst  other  products)  acrolein.  When  however  it  is  distilled,  eitha 
in  vaeuo  at  4  W  F.  (210°  COi  or  in  an  atmosphere  of  steam,  it 
over  un decomposed.     It  is  soluble  in  water  in  all  proportions, 

(/3-)  C^hemicaL — It  has  no  reaction  on  red  or  blue  litmus,  or  up 
any  vegetable    colouring  matter*       A   solution     of    glycerin    iriu 
yeast  does  not  undergo  vinous  fermentation,  but  is  gradually  coa 
verted   into   propionic  acid  (C^^HaO^  =  C3R^;0s,   +   II^O).     By 
action  qI  dehtfdraiing  ageuls  it  i^xm^iB  acrolein  (OJIjOg  =  2H«0 


FYBOOALLIO  8EBIE8. 
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I  It  combines  with  sulphiirio  acid  to  form  sulpho-gljceric 
'sHgO^SOs),  wluch  forms  soluble  salts  with  lime  and  baryta, 

mixture  of  strong  nitric  and  sulphuric  acids  it  forms  nitro- 
,  or  glanoin  (NobeFs  hlaatmg  oil),  (C3H5(0H)3  +  8HNO3  = 
H  C,H5(N03)3),  an  oily  and  highly  explosive  liquid  {Specific 
1*6).  The  monatomic  organic  acids,  such  as  glacial  acetic  acid, 
eated  with  it  in  closed  tubes,  form  glycerides  or  glyceric  ethers, 
1-,  di-,  or  t|:i-acetin,  as  e.g,,  monacetin,  C3H5(OH)g(CgH302). 
hloric  and  hydrobromic  acids  or  the  compounds  of  phosphorus  with 

or  bromine,  form  substitution  compounds  with  glycerine,  called 

di-,  or  tri-chlorhydrins  or  bromhydrins,  where  the  group  OH 
iced  by  chlorine  or  bromine ;  as  e.g.,  Monochlorhydrine^  G3H5GI 

etc. 

lochlorhydrine  by  the  action  of  nascent  hydrogen  forms  propylic 
C,H<j(OH),.] 

^iodic  add  or  phosphorus  iodide  forms  with  glycerin,  isopropylio 
C3H7I)  and  allylic  iodide  (C3H5I).  By  slow  oxidation  with  nitric 
lycerin  forms  glyceric  acid  (C3H803H-0g=C3H504-|-H£0),  and 
further  action  of  the  acid  oxalic  acid  {Q^S^O^,  which  oontain- 
it  does  fewer  carbon  atoms  than  glyceric  acid,  is  clearly  to  be 
3d  as  the  result  of  its  decomposition. 


Fyrogallic  Series- 

Series  IL.— Formula  C„H2^_9(0H)3. 

e  alcohols,  like  the  phenyls  and  orcins,  are  direct  derivatives 

sene. 

series  includes : — 


Formula. 

Melting  point 

^T. 

°C. 

ol 

acin 

CACOH), 
ditto 

239 
248 

115 
120 

Igallol  (C6H3(OH)3)    (Pyrogallic  acid).    Melts    at    239^    F. 

).).     Boils  at  410°  F.  (210°  C). 

oration. — By  the  action  of  heat  on  gallic  acid. 

=        C6H3(0H)3       +  00,. 

^  Pyrogallic  add      +    Carbonic  anhydride. 

irties. — ^A  crystalline  body,  soluble  in  water,  alcohol,  and  in  ether, 
not  neutralize  alkalies,  nor  does  it  form  true  salts.  It  decomposes 
^  F.  (260°  0.),  leaving  a  residue  of  metagallic  odi.  (C^^^i^- 
dissolved  in  a  atrong  potassic  hydrate  Bolutioiii  it  Tdi^v^^ 
p  p 


06H,(OH)300,H 
Gallic  add 


HAKBBOOK   OF  HODEBKT  OH: 
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absorbs  free  oxygen  (see  page  98).     With  purs  ferrous  salts  it  for 
a  fine  blue  color.     Dia tilled  at  a  red  beat  over  zinc  dust,  it  jiM 
benzene. 


E.-HEXHYDEIC  ALCOHOLS. 

Formula  0„'B^^{OU)c  Series. 

TMs  mchidea  the  two  natural  sugars  mannite  and  dulcite. 

MaEHite,  CgHa{0H)5.  Naturai  History, *--li  is  found  in  manna, 
(the  sap  derived  from  different  species  of  aah;  Fraxinus  ornus),  and 
also  in  other  plants,  such  a«  seaweed,  mushroomB,  etc. 

PrepuraUo7i.^^{\.)  By  the  action  of  boiling  alcohol  on  manna. 

(2.)  By  the  action  of  nascent  hydrogen  (sodium  amalgam)  on  aa 
aqueous  solution  of  glucose. 

Propertics, — ^Mannite  crystaUisea  in  four-sided  crystals,  which  are 
sweet  to  the  taste,  soluble  in  water  and  in  alcohol,  and  insoluble  in 
ether. 

It  does  not  ferment,  thus  differing  from  cane-sugar.  It  has  od 
action  on  polarised  light,  nor  does  it  reduce  an  alkaline  solution  of 
cupric  hydrate  on  boQiog,  thus  differing  from  grape-sugar. 

Its  relationship  to  the  alcohols,   and  its  hexatomic  character, 
marked  as  follows  :— (1.)  By  the  action  of  nitric  acid  and  of 
acid   [Ci|jll350(011)]  it    forms   niiromannhe   and  mannite  hexasUa 
respectiirely,  six  hydrogen  atoms  in  these  compounds  being  roplae 
by  six  of  the  group  (NOj),  or  by  six  of  the  radical  of  stearic 
(Oi8H,,0).     Thus:-^ 

C6n«(0E)c ;  C5He(ONO,)5 ;  CgH^COC^.H^OV 

Mfuimti?  ;  NitFO  mannite  ;  Mannito  hexastearmte. 

(2»)  With  htfdriofUc  acid  it  forms  iodohexane  (CgHuI),  from  whic 
by  the  action  of  argentic  oxide  and  water,  normal  secondary  hexyll 
alcohol  may  be  obtained, 

(3,)  Btf  oxidation  (as  by  the  action  of  platinum  black)  it  yields 
tic  acid,  O^Hi^Oy,  and  (by  the  action  of  dilute  nitric  acid)  saceharic  < 

Bulcite  (C?(iHa(OH)g)  closely  resembles  its  isomer  mannite.  Naturali 
it  is  obtained  from  the  expressed  juice  of  the  melampyrum  nemop 
sum ;  ai'iifivj'alh/,  it  is  prepared  by  the  action  of  nascent  hydrogen  ( 
inverted  milk-sugar. 

By  oxidation  with  nitric  acid  it  forms  ftmcic  actdf  an  isomer 
saccharic  acid. 


MercaptaM  or  Thio-AlGohols* 

The  relationship  aubsisting  between  potamchydratt  (KHO)  andpoA 
suljyhydraie  (liHB),  Uaa  ila  ^quuI^t^^A  vcl  ^<^  x^latianship  betwe 


KEBOAPTAirS  OB  THIO-ALOOHOL84  579 

an  alcohol,  as  ethylic  alcohol  (C2H5(On)),  and  a  mercaptcm  or  thio- 
alcohol,  as  tthylic  sulphydrate  (C2H5(SH)).  The  name  mercaptan  was 
originally  applied  solely  to  ethylic  sulphydrate  the  first  discovered  of 
these  compounds,  but  it  is  now  applied  to  the  whole  class  of  like  bodies. 
Preparation. — (1.)  From  the  corresponding  alcohols  by  distillation  with 
phosphorus  pentasulphide : — 

6[C,H5(OH)]      +       P,85      =     6[C«H5(SH)]     +       Tfiy 
Ethylic  alcohol       +    PhoephoniB  :=        Ethylic  sul-         +    Phosphoric 
pentasulphide  phydrate  anhydride. 

(2.)  From  certain  hydrocarbons  ;  by  acting  upon  their  haloid  deriva- 
tiyes  with  potassic  sulphydrate.    Thus : — 

CH,G1      +      KHS      =      CH5(H8)      +      KCL 
Methylio  ehloride  +  Potassic  sul-    :=     Methylic  sul-       +      Potassic 
phydrate  phydrate  chloride. 

The  mercaptans  are  mostly  offensive-smelling  liquids,  but  some  are 
aolid.  By  the  action  upon  their  alcoholic  solutions  of  certain  tnetals 
(as  K  and  Na),  or  of  certain  metallic  oxides  (as  HgO)  or  salts  (as 
Sgdj),  the  mercaptans  form  stable  crystalline  metallic  derivatives,  as 
^9-9  poiaseic  mercaptidey  (C2H5(K8),  mercuric  mercaptide  (C2H5)2(ng''S2) 
4c.    Btf  oxidation  unth  nitric  acid,  the  mercaptans  form  sulphonic  acids. 
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SUPPLEMENTARY  CHAPTER  TO  THE 
ALCOHOLS. 

CARBO-HYDKATES. 

The  sugars^  gums^  Btarches,  etc.^  are  called  carbo-hydrates,  mas* 
much  as  combiEed  with  carbon  they  contain  hydrogen  and  oxygen  in 
the  proportions  to  form  water.  They  may  be  arranged  as  follows  :— 
Those  that  rotate  a  ray  of  polarised  light  to  the  right  are  marked  -f . 
and  those  Ihat  rotate  it  to  the  left  ^. 

Group  I, — Sucros:e8  :  Compontion  CuH^aO^. 

1.  Cane  or  sparkling  sugar  (sucrose)  -)-. 

2.  Milk  sugar  (lactoBe)  -h* 

3.  MeHtoae— .     4.  Melizitose  — .     b.  Trehalose — ,    6,  Mycose +* 

Group  n. — Glucoses  :   Composition  C^HisO^. 

L  Grape  sugar  (dextrose )  +, 

2.  Fruit  or  mucoid  sugar  ( Icevuloee)  — . 

3.  Galactose  +. 

4.  Sorbite +  »     5,  EttcalynH-.     6,  Inoeite  0. 

Group  m, — Amyloses  :   Composition  (0^gJO^\, 

1.  Starch  +, 

2*  Dextrin  +, 

3.  Gums, 

4.  Cellulm, 


GEOUP  I.— THE  SUCEOSES. 
(L)  Cane  or  Sparkling  Sugar  {C^^U^Ou)^—Sucroi€. 

Natural  History. — It  is  only  found  in  the  vegetable  kingdom^  at  ^\ 
in  the  mgar-cane  (aaccbarum  oSicinarum),   to  the  extent  of 
cent;    the  Asiatic  mgar~cam  (sorghum  sacoharatum)^  9 '5  perl 
the  mapk  (aeer  Baccharmum),  5  per  cent. ;  the  white  beet^  7  to  11 ; 
cent. ;  the  date  palm  (saguerus  aaccharifer) ;  and  maize  (7-5  per  cent] 

Probably  sucrose  is  present  in  all  plants  just  before  flowenu 
at  which  time  the  soluble  nutriment  of  tbe  plant  is  most  abundant. 

/^reparation* — (1 .)  Tk^  j\ntb  V^  ^raV  iax^T^«ft^d  irom  the  plant.     Th 


ed  by  rolfers  in  the  case  of  tlie  sugar-cane^  by  cutting  in  the 
the  beet,  by  tapping  in  the  case  of  the  maple,  etc. 
Che  free  acid  of  the  juice  is  as  soon  as  possible  after  extrac- 
itralked  with  lime>  and  heated  to  140^  F.  (60^  0.),  A  coagulum 
»,  containing  albumen,  earthy  phosphates,  etc.  There  must 
iaif  in  this  part  of  the  process,  otherwise  the  albumen  present 
nice  would  set  up  fermentation,  and  cause  a  loss  of  sugar. 
Q  acid  mu^t  be  neutralised  with  lime  before  boiling,  otherwise 
i,  on  boiling,  convert  a  portion  of  cane  into  grape  augari  and 

Che  clear  liquor  is  now  evaporated  in  open  pans.  (No  doubt 
6  quantity  of  molasses  formed  ia  greatly  due  to  this  part  of 
■ation*) 

It  is  now  crystallised  in  open  wooden  troughs,  and  at  the  same 
flkly  stirred,  to  prevent  the  formation  of  large  crystals.  The 
IBi  formed,  is  separated  in  casks  with  perforated  bottoms  from 
rystallisable  syrup.  The  former,  dried  in  the  sun,  constitutes 
do  mgar  (foots),  and  the  latter  molasses. 


Sugar  Befining, 

Sie  raw  sugar  is  dissolved  in  water,  and  the  solution  in  which 
iime,  some  ground  bone-black  (4  to  100  of  sugar),  and  albu- 
;h  as  the  serum  of  bullock's  blood  has  been  mixed,  is  then 
ij  steam  (blow  up).  The  albumen,  as  it  coagulates,  carries 
it  the  impurities  suspended  in  the  juice.  The  bone-black  is 
>  assist  in  decolorising  the  solution, 

he  dear  liquor  is  now  fui'ther  decolorised  by  filtration  through 
luircoaL 

!he  colorless  filtrate  is  now  evaporated  ^'  in  vacuo/*  By  this 
he  boiling-point  of  the  syrup  is  reduced  from  ^^O'^^  F.  (1 10^^  C. ) 
F,  (GiS'S"^  C),  that  is,  below  the  temperature  at  which  heat 
ily  affects  sugar.  The  evaporation  is  continued  until  the 
auMeiently  concentrated  to  **draw  out." 
rhe  syrup  is  now  run  into  coolers,  and  well  stin-ed  until 
lation  commences,  when  it  is  poured  into  moulds.  After  it  has 
treacle  is  drained  ofi",  the  sugar  washed  with  a  little  clean 
order  to  remove  adhering  coloring  matters,  and  the  solid  mass 
ried  and  polished  in  a  lathe.  This  constitutes  "  loaf  sugar." 
jr  be  roughly  stated  that  the  raw  sugar  obtained  is  one- tenth 
ht  of  the  original  juice,  that  is,  about  one-half  the  quantity 
the  juice  is  known  to  contain.  The  raw  sugar  yields  about 
ent.  of  pure  cane  sugar,  the  remainder  consisting  of  water, 
Uisable  sugar,  coloring  matters,  etc. 

'*i«*,— (a.)  Phj$icaL  Sugar  is  a  colorless  and  sweet  body,  crys- 
in  oblique  rhombs;  Sp.  Or.  1*6*     It  rotates  a  ray  oi  V\ig\v\*  Ui 
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Action  of  hat — (o.)  On  dn/  sagar.—Sug&TmeltB  at  865^^  P.  (185*  C), 
changing  without  ios$  of  weight  into  a  mixture  of  dextro-gluooae 
and  Iflevuloae  (C^HoeOn  =  CfiH,oOe  +  C^HioO^).  The  action  of  ihk 
mixture  on  a  ray  of  polarized  light  is  directly  opposite  to  that  of 
cane  eugar.  Hence  it  is  called  imtrttd  atgar  (fruit  sugar),  the  epe- 
cific  rotatory  power  of  the  Ifevulose  being  greater  than  the  specific 
rotatory  power  of  the  dextro-glucose* 

At  from  365"  to  400''  F.  (185^  to  204'5^  C.)  the  sugar  gives  off  water 
and  becomes  discolored,  forming  **  toffi^^^* 

At  from  400^  to  420^  F.  (204  5^  to  215'.5^  0.)  it  give*  off  more  water, 
blackens,  and  leaves  a  brown  residue  called  '^catximel**  i^-iq^mO^h 

Above  this  temperature  it  gives  oil"  inflammable  and  other  ga968 
(CO  J  CH4 ;  CO5 ;  etc.),  and  a  liquid  distillate  consisting  of  ai?etic  acii 
acetone,  aldehyde,  and  a  brown  oil  containing  furfurol  and  assaioar. 
Charcoal  only  remains  in  the  retort  after  tbe  operation, 

(ft.)  On  a  solution  of  $vgar  in  watef\—3y  boiling  a  solution  of  cane 
euganit  becomes  inverted  sugar  (Oi^H^O,!  -h  H50=C6H,g06+ QH,jO|i). 
This  change  is  assisted  by  the  presence  of  dilute  sulphiiric  or  olh^ 
mineral  or  organic  acid,  and  also  of  certain  salts.  By  prolong€d 
boiling  with  dilute  acids,  brown  products  such  as  ulmine,  art 
formed. 

Heated  to  365^'  F,  (185''  C.)  with  a  very  little  water,  sugar  be 
vitreous,  and  solidifies  to  an  amorphous  mass,  called  ^^  barley  «*foff1 
which  is  an  admixture  of  amorphous  and  crystal lizable  eugtir. 
amorphous  sugar  contained  in  barley  sugar  gradually  becomes  ( 
talline  and  opaque  by  keeping. 

Solubility.— Sugar  is  soluble  in  cold  water  f  1  in  2  aq.  by  weigli 
solubility  in  boiling  water  being  almost  unlimited.     It    is 
insoluble  in  alcohol^  and  in  ether.     Boiling  absohito  alcohol  disaol^ 
^th  part  of  its  weight,  but  gives  it  up  again  on  cooling. 

Action  ofucida, — Strong  mineral  acids  rapidly  decompose  it.     WA 
»tdphuric  add  the  sugar  is  completely  decomposed,  carbon  beiag  1 
rated  and  SO.,  evolved.    This  reaction  is  peculiar  to  cane  sugar. 
nitrie  add,  oxalic  and  saccharic  acids  are  formed.     With  lu/dn 
aeidf  ulmin  and  ulmic  acid  are  formed.     With  nitro-mlphuric  acii 
amorphous,  explosive,  nitro- compound  is  formed  (C,^HiQ(NOg)40„)j 
The  action  of  weak  mineral  or  vegetable  acids  is  to  convert  sue; 
which  is  non-fermentable,  into  dextrose  and  leevulose,  both  of  wh 
may  he  fermented. 

Act  ion  0/ a /^-a^W.— 'Concentrated  solutions  of  the  alkalies  form  ' 
cane  sugar  bodies  called  sucrates.     Dilute  solutions  act  feebly  1 
slowly,  forming  ulmic  acid.  Triturated  with  the  dried  caustic  alkaliei 
it  does  not  turn  brown,  thereby  distinguishing  it  from  grape  sugar. 

Action  of  oxidizing  hodit^* — By  oxidation  with  sulphuric  acid 
manganic  peroxide,  sugar  yields /orwwc  <wiV/,  but  with  dilute  nitric  j 
it  yields  saccharic  and  ox.bX\c  ajd^%.  \t\jMn^%  NVVvJi"^  ^hen  a  mixtuil 
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fwitli  potaaaic  ctl orate  is  touched  with  a  drop  of  sulphuric  acid.  It 
iBres  wheu  triturated  with  plumbic  peroxide.  It  reduces  silver  and 
pnercury  salts  by  heat  Pure  cupric  hydrate  is  very  slowly  reduced 
Iby  it  even  when  the  solution  is  boiling",  but  in  the  presence  of  an 
lalkali  a  blue  solution  ia  formed,  which,  slowly  and  imperfectly,  pre- 
Hsipitates  cuprous  oxide  on  boiling^. 

I  Cane  sugar  does  not  ferment  directly,  but  it  does  indirectly  by  cou- 
Ireraion  into  dextrose  and  kevulose.  I 

I     (2.)  Milk  Sagar  (l^a<^tin  or  Lactose)  CigH^oOi,.  1 

I     Batumi  H I  J*  tor  I/.  ^Found  only  in  animals  (milk  of  mammalia).  ^ 

I  Preparation. — From  the  whey  of  milk  by  evaporation  and  crystal- 
kization. 

I  PrtipffiieB, — (a.)  Phystical  A  hard  gritty  substance,  cryBtallizing  in 
F square  prisms.  It  ia  not  very  sweet.  It  Las  a  specific  gravity  of  1'5, 
t  and  rotates  a  ray  of  light  -h  69°  3'. 

I  ^Ww^iViVy.— Soluble  in  water  (I  in  6  at  60^  F, ;  1  in  2  5  at  212^  F.). 
pt  IS  insoluble  in  aloohol  and  ether. 

I     Aetion  offieat.' — ^At  28-4"'  F.  (140^  C.)  two  molecules  of  lactose  lose  one 
pnolecule  of  water.    At  400'^  F.  (204*5^  C.)  it  fuses  and  loses  more  water.   J 
Bn  other  respects  the  action  of  heat  upon  it,  corresponds  to  that  on    ^ 
Itane  sugar. 

I  Q3-)  ChemicaL  Milk  sugar  is  decomposed  by  strong  acids.  Nitric  acid, 
fty  oxidation,  converts  it  into  mucic^  saccharic,  tartaric  and  oxalic  acids. 
Boiled  with  dilute  acids,  it  is  changed  into  a  fermentable  sugar  called 
malactou  (C,jH,20^),  a  body  which,  with  nitric  acid,  forms  mucic  acid, 
■Uid  rotates  a  ray  of  light  +  83"^  3'*  Lactose  does  not  itself  undergo 
■Hnous  fermentation,  but  under  the  action  of  yeast  rapidly  changes  to 
khe  fermentable  body  (galactose).  Under  the  action  of  chalk  and 
bbeeBe  it  forms  lactic  acid,  a  certain  quantity  of  alcohol  being  formed 
fcmultaneously.  Boiled  with  an  alkaline  solution  of  cupric  hydrate, 
Bt  precipitates  seven-tenths  as  much  cuprous  oxide  as  dextrose. 
I  (3.)  Ifelitose  (^jgHsaO,,). — ^Thiais  obtained  from  various  species  of 
kc&lyptus.  The  crystals  have  a  slightly  saccharine  taste.  It  ia 
Lluble  in  water  (1  in  9  at  60°  F, ;  1  in  3  at  212^  F.),  and  in  boiling 
fclcohoL     It  is  dextro-rotatory  102°. 

^^;j  the  action  upon  it  either  of  dilute  sulphuric  acid  and  heat, 
^^Hlf  yeast,  it  forms  two  kinds  of  sugar «  a  fermentable  sugar, 
Ipmtf,  and  an  unformentable  sugar,  encahjn*  Nitric  acid  oxid- 
Ki|  it  to  mucic  and  oxalic  acids.  It  does  not  reduce  an  alkaline 
^^ktc  solution. 

^^^)  MelizitOSe  (0nfll2ii0,,)  is  obtained  from  the  larch.    It  is  dextro- 
^^Kory  94'  1 '.  With  nitric  acid  it  forms  oxalic  acid.    On  boiling  with 
^^ite  sulphuric  acid  it  yields  glucose.     It  ferments  with  diffiiculty. 
I    (5»)  Trehalose  (CigHggOpJ,  is  obtained  from  thetrehala  manna  o€ 
I   tia.    It  is  dextro-rotatory  200°*     It  forma  a  detonalmg  (^m^uu^ 
ith  atrong  nitric  acid;  with  dilute  nitric  acid  it  forma  oxs^o  ^v^. 
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It   ferments  very  imperfectly,  and  does  not  precipitate  cuprous  oxide 
from  alkaline  cuprie  Bolutions. 

(6 J  Mycose  (C,sn^,J3,,)  is  obtained  from  ergot,  mushroomB,  etc. 
It  is  dextro-rotatory  173^*     It  ferments  slowly. 


GROUP  IL— THE  GLUCOSES, 

Formula   CgllpjOfi. 


Dextrose;    De^ro-GlucMe ;    GroMl^ 


(1.)  Grape  Sugar  (Giucose 

Sugar)  (0^11, ,0^), 

Jlist&Ty, — It  is  found  both  ih  the  vegetable  and  animal  kingdoms. 
(a.)  In  the  vegetabh  kingdom  it  is  found  in  fossil  ferns  and  in  vegetali 
mould  J  in  sweet  fruits  and  in  honey ;  in  chestnuts ;  in  growing  po 
toes  and  in  malt.  In  ripe  fruits  and  in  honey»  it  usually  occurs  togcthi 
with  leorulose  and  cane  sugar, 

(/X)  In  the  miimai  kingdom  it  is  found  in  the  urine,  in  very  mi- 
nute quantity  in  health,  but  often  in  enormous  quantity  in  diabetea 
It  also  occurs  in  the  hver  and  in  the  stomach  during  digestion. 

Prepuraimi. — (L)  From  fniits^  etc,  by  solution  in  water  and  preci- 
pitation with  spirit.  From  honey ^  by  washing  with  dilute  alcohol, 
ivhich  dissolves  the  lasvulose  but  leaves  the  glucose. 

(2,)  By  the  action  of  diastase  (malt)  on  starch,  or  by  merely  boiUng 
the  starch  in  dilute  sulphuric  acid.  The  acid  is  to  be  neutraliz^^d  witJi 
chalk,  and  the  clear  solution  evaporated  to  a  syrup  and  crystallised. 

8lurt'k  +  Water  ==  Olacoie. 

Gluooae  is  also  formed  by  the  action  of  dilute  acidls  on  cellulose. 

(3.)  By  the  action  of  dilute  acids  on  the  glucosides,  such  as 
amygdaliuj  chitin,  glycyrrbizin,  saliciu,  etc. 

Properties, — A  granular  non-sparkling  body,  forming  nodular  mi 
of  minute  acicular  radiating  crystals  (C^Hi^O^.n^O).     Its  sweeteni 
power  is  about  one-half  that  of  cane  sugar.     Specific  gravity  1*4 
is  dextro-rotatory  54'^. 

Action  of  htaU^lt  suffers  no  decompoBition  up  to  266^  F.  (130^  C 
At  338^  F.  (170°  C.)  water  is  evolved,  and  glucosan  (Cyi 
By  the  further  action  of  heat,  it  forms  caramel. 

It   is  soluble  in  water  in  aO  proportions.     It   is  not  soluble 
Ppirit, 

Action  of  acids. —  Strong  sulphuric  acid  converts  grape  sugar  ioi 
Eulpho-saccbaric  acid.  (This  acid  forms  a  soluble  baric  salt] 
Citric  acid  oxidizes  it  to  saccharic  or  oxalic  acid.  Hydrochloric 
decomposes  it.  Heated  with  organic  avid»,  it  forms  conjugate  B" 
compounds,  such  as  tri-aceto-dextroBe»  OfiH^O^fCjH^Og)^,  Boiled  wii 
dilute  sttiphuric  or  fiydrochlortc  amd^  it  forms  various  brown  compoum 
eaUad  tilmin,  ulmlc  acid,  etc. 
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oltitionB  of  alkalies  and  alkaline  earths  decompos©  it  eTGn  in  the 

cold,  hut  more  rapidly  when  heated,  forming  a  brown   compoiind 

^(Moor's  Teat).    With  yeast,  it  ferments  rapidly  and  directly  at  a  tem- 

^perature  of  77°  F.  (25"  C).     It  unites  with  certain  Sdlts  (as  NaCl) 

'  lind  metallic  oxides  (aa  CaO,  BaO^  etc.),  forming  unstable  compounds 

such  aa  (CtiH.AOsNaCl.OH,^  and  (CftH,^06),,(  BaO),|,2n,A  etc. 

I  It  is  rapidly  oxidized.  Hence  when  boiled  in  alkaline  solutions  of 
ftilver  and  copper  salts,  it  quickly  reduces  them^  precipitating  metallic 
eilver  or  the  red  cuprous  oxide.  Five  molecules  of  cuprous  oxide  are 
exactly  reduced  by  one  molecule  of  grape  sugar. 
(2.)  LsBVUlose  {Lmvugluco^e ;  Left-handtd  Glucose;  Mucoid  Sugar) 
Nalural  History, — This  sugar  occurs,  together  with  glucose,  ia 
honey,  ripe  fruits,  etc. 

Preparation, — (1.)  By  heating  cane  sugar  with  dilute  acids,  when  a 
mixture  of  dextrose  and  lajvulose  (j.^.,  inverted  sugar)  is  formed.  On 
neutralizing  with  lime,  calcium  compounds  of  both  glucose  and 
la?vulose  result^  the  glucose  compound  being  soluble,  and  the  Isbvu- 
lose  compound  insoluble,  in  water.  The  latter  after  separation  is  sus- 
pended in  water,  and  decomposed  by  the  action  of  carbonic  anhy- 
dride or  oxalic  acid, 

(2.)  By  the  action  of  dilute  acids  on  inulin. 

Prvpa-ties.—K  sweet  syrup.     It  may  bo  obtained  as  an  amorphous 

olid  but  with  difficulty.     It  is  more  soluble  in  water  and  in  spirit 

lan  dextrose.    It  rotates  a  ray  of  polarized  light  to  the  left.    The  ro- 

&tion  of  glucose  to  the  right  is  the  same  at  all  temperatures,  but  the 

extent  of  rotation  to  the  left  in  the  case  of  hevulose.  varies  with  the 

tjperature  from  53^  at  194°  F.  (90^  C).  to  106^  at  57-2°  F.  (14^  C). 

Inasmuch   as  inverted   sugar  C5onsi8t8  of  equal  parts  of  glucose 

[(=  -h  56"^')  and  Irovulose  (=  —  106"),  it  follows  that  inverted  sugar  is 

BTo-rotatory  (=  —  50'^).  By  heat  Iccvuloee  forms  a  body  isomeric  with 

tucosan^  called  Isevnlosan  (QHjoO^).  On  oxidation  it  yields  saccharic 

cid.     Its  reactionB  with  a  ferment  and  with  metallic  salts  are  similar 

those  of  glucose. 

(3»)  Galactose   (CgHi^O^j)  is  prepared  by  boiling  milk  sugar   in 
lilute  acids.     It  is  dextro-rotatory  83  '^3',     It  ferments  easily.     It  re- 
liembles  glucose,  except  that,  unlike  it  and  all  preceding  sugars,  it 
ielda  mucic  acid  on  oxidation  with  nitric  acid. 

(4.)  Sorbite  (OfiHi^Og)  is  prepared  from  the  jiiice  of  the  berries  of 

lie  mountain  ash.     By  oxidation  with  hot  nitric  acid,  it  forms  oxalic 

cid*     It  does  not  yield  alcohol  by  fermentation  with  yeast,  but  it 

ields  lactic  and  butyric  acids  with  alcohol  in  contact  with  cheese 

land  chalk.     It  is  dextro-rotatory  47*^. 

(5 J  Eucalyn  (^-'s^iir^^)  *®  ^  sugar  separated  when  eucaly^luft«.\3L%^t 
n*  fermented.     It  will  not  ferment,  nor  is  it  rendered  terTneiil^^iV^  \i^ 
|tlie  action  of  dilute  sulphuvio  acid.   It  is  dextro-rotatory  I  -V  &^V 
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(6)  Inosita  (^c^i^^o)*  This  is  the  sugar  of  muBcle.  It  is 
found  in  kidney  beans.  It  does  not  undergo  alcoholic  fermentation » 
but  forme  lactic,  butyric,  and  carbonic  acids  by  the  action  of  chalk 
and  cheese.     It  is  without  action  on  a  polarized  ray. 


Glucosldes. 


.^^ 


CoH^NOn 
Amjgdalin 


+ 

+ 


2RJ0     = 
Water      = 


There  are  various  bodies  found  in  plants,  called  gluooeideB,  t&ai 
are  in  reality  compound  ethers  of  glucose,  which  yield  on  decompo- 
Bition  a  glucose,  together  with  other  substances.  The  following  are 
the  most  important  of  these  bodies: — 

(1.)  Amygdalin  (CffuHg^NO,,  +  SHs^O).  Source;  bitter  almonds. 
Under  the  action  of  aynaptase  it  forms  glucose ,  bitter  abnond  oil^ 
and  hydrocyanic  acid.     Thus  : — 

C^H^O     +     HON     +     2C6H,cO^ 
Hvdride  of  -t-H^ydn)oyaiuc+         Glucose, 
be&xoyl  add 

(2.)  JEsculin  (^i>i^c4*^in)-     *Source\  horse -chestnutH. 

(3,)  Chitin  (Cj^Hj^NOg),     ^owrce  j  wing-cases  of  insects. 

(4*)  Glycyrrhizin  (t's^^afi^^o)^     Sat/rc<j ;  liquorice  sugar, 

(5.)  Indican  (C.^]n;uN0i7).     Smrcei  indigo. 

(6J  Myronic  Acid  (Cu,HkgN8gOit,),  Source;  black  mustard.  Bj 
the  action  of  the  myrosie  (an  albuminous  ferment)  present  in  tlie 
seed,  myroBic  acid  forms  oil  of  mustard,  glucose,  and  sulphuric  acid. 

(7,)  Phlorizin  (CaiH^iOioj^HjO).  Souire;  Eoot  bark  of  apple  and 
cherry-tree, 

(8.)  Quercitrin  (CasHsoO,^).     Source;  Quercitron  bark 

(9.)  Salicin  (Ci-tUmO^).  Source;  bark  of  willow,  poplar;  also 
found  in  the  castoreum,  contained  in  a  gland  of  the  beaver.  It  fonns, 
under  the  action  of  aynaptase  or  emulsiu,  glucose  and  saligeain 
(CjHaOff),  and  by  distillation  with  sulphuric  acid  and  potassic  bicbro- 
mate,  salicylol  (C^HgOg),  or  the  artificial  oil  of  the  meadow  sweet 
(SpirsBa  ulmaria)* 

(10.)  Populin  (C-iJUA)'     Source  ;  bark  of  aspen. 

(It)  Ruberythric  Acid  (O^Gl^nB^n)*     Sourct^;  madder  root 

(12.)  SolanilL  (C4,iry,NO,i5),     Sourcf;  woody  nightshade. 

(13.)  Tannin  (CVH^jOij).     jSoi/r^fe ;  gall-nuts. 


GBOUP  in.^AMTLOSES. 
Starches;  Fecula-Amidine. 

Nafurai  History. — ^The  starches  are  organised,  non-crystalline  bodied*  1 
found  in  cells  in  every  part  of  the  vegetable,  except  in  the  tip  of  the 
bud  and  in  the  extremities  of  the  rootlets.     Starch  is  also  found  itt  | 
animals,  especially  in  embryoiiic  tissues,  as  well  as  in  the  brain,  Hv^Jfr 
fl|Jeen,  and  kidneys  o£  aduila. 


AMTLOS^S. 
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^^^^itatum* — ^The  tiaau©  is  first  broken  up,  and  the  starcli  washed 
out  with  cold  water,  m  which  it  ia  insoluble. 
VarietieB. — We  may  recogiUBe  four  varieties: — 
(1.)   Common  starch ;  {2.)  Ziehen  starch;  {^.)  InuUn;  (4,)  Paramylon, 
(1.)  Common  Starch  (CgHioOj)^, 

Preparation. — (ct.)  From  wh^at^  which  contains  60  per  cent.  It  is 
extracted  either  (1)  by  fermentiug  the  wheat  flour  for  three  or  four 
weeks,  during  which  time  the  gluten  putrefies,  thereby  aasisting  the 
fieparation  of  the  starch  fold  method) ;  or  (2),  by  simple  washing, 
(/),)  From  mv  (83  per  cent),  extracted  by  washing  the  powdered 
ce  with  a  weak  alkaline  lye  to  dissolve  the  gluten  (Jones  patent). 
(y,)  From  potaloes  (20  per  cent.),  extracted  by  rasping  and 
washing. 

{i.)  From  arrowroot f  Jatropha  manihot,  etc. 

Prapertiej» — A  white  pulverulent  crepitating  solid.     The  form  and 
xe  of  the  starch  oorpusclea  vary  with  its  source.     It  is  insoluble  in 
cold  water,  alcohol  or  ether.    Specific  gravity,  I  '5, 

Action  of  heat  (a)  On  the  drtf  Hnnk,  A  moderate  heat  merely  dries 
the  starch  corpuscles.  A  temperature  of  32(J'^  F.  {160°  0.)  discolors 
the  starch  a  little,  and  renders  it  soluble  (dextrin).  At  higher  tem- 
peraturea  it  becomes  of  a  bufF  colour^  and  evolves  water,  leaving 
dextrin.  At  a  still  higher  temperature,  it  evolves  more  water,  and  ] 
leaves  caramel.  At  a  still  higher  temperature,  it  is  decomposed,  a  " 
carbonac'eous  residue  being  left,  and  carbonic  and  acetic  acids, 
together  with  certain  empyreumatic  oils,  evolved. 

(jil.)  Jleatfd  with  water  to  158°F.  (70°  C.)  the  starch  corpuscles  split, 
and  form  with  the  water  a  thick  paste,  called  starch  pmte.  Boiled  for 
a  long  time,  the  solutiim  becomes  clear.  On  the  addition  of  alcohol 
to  the  clear  solution,  it  deposits  a  white  precipitate  of  soluble  starch. 

Action  of  acids, — All  acids  decompose  starch;  (a.)  Strong  ^wZ/^/^MnV? 
ocid  dissolves  it,  forming  a  compound  acid.  Dilute  sulphuric  acid 
atid  heat  change  it  into  glucose;  (^j. )  Nitric  acid^  when  concentrated,  | 
fonns  xyloidin,  which  is  precipitated  on  the  addition  of  water  ^ 
(C|jH,g(NO^)0,o).  A  weaker  acid  converts  it  into  oxalic  acid,  A  very 
v^k  acid  changes  it  to  dextrin  ;  (y.)  Hydrochloric  acid  changes  it  into 
glucose.  The  action  of  oxalic  and  tartaric  acids  (but  not  of  acetic 
wid)  is  similar  to  that  of  HCl. 

A(*tion  of  alkalies. — These  cause  starch  to  form  a  paste  when  in  solu- 
tion  without  heat.     Fused  with  it  they  form  oxalates. 

J ditm  o/*^a/o<VA'»,^- Neither  chlorine  nor  bromine  have  much  actit»n   ■ 
^  Btarch  in  the  cold,  but  when  starch  is  heated  in  chlorine  it  i»    • 
decomposed.     The  action  of  iodine  is  to  color  the  starch  blue,  the 
<^lor  being  destroyed  at  a  little  below  212*^  F.  (100*^  C),  reappearing 
Vii  the  heat  has  not  been  too  great)  as  the  solution  cools.     Ferments, 
•ucli  as  yeast  and  diastase,  (liice  dilute  aulphurie  acid,")  e\ib.ii^Q  \tm\o 
dextrin  and  glucose. 
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itdland  ftno^ 


(2.)  Lichen  Starch  is  fomid  in  most  llchenB,  euch  aa  Icdland 

Carageen  moss.  When  boiled  with  water  it  forms  a  jelly.  It  is  con- 
verted by  acids  icto  glucose.  Iodine  turns  it  a  greeaish  brown  color. 
It  does  not  ferment  whou  mixed  with  yeast  or  diastase. 

(3*)  iQulin  Starch  is  found  in  the  roots  of  most  of  the  Compositas, 
finch  as  the  dahlia,  chicory,  elecampane^  etc.  It  is  an  amorphoua 
white  substance,  decomposed^  like  starch,  by  heat.  It  forma  dextrin  hy 
long-continued  boiling.  By  the  action  of  dilute  acids,  it  yielda  liefu- 
lose.     Iodine  haa  no  action  upon  it. 

(4.)  Faramylon^  g^icogen,  or  animal  starch ,  is  found  in  certain  of 
the  lower  animak,  and  also  in  certain  viscera  of  the  higher  anim&K 
especially  in  the  placenta.  Acids  change  it  into  glucose.  Iodine  baa 
no  action  upon  it 

Usts* — In  the  vegetable j  starch  acts  as  a  store  of  nutriment  In  the 
animal  J  its  uae  is  a  respiratory  food.  The  essential  condition  for  ren- 
dering starch  useful,  either  to  the  vegetable  or  to  the  animal,  is  ita 
conversion  into  soluble  dextrin  and  sugar. 

GUMS  (cyi^oO^). 

GnmB  are  organic  bodies  occurring  in  the  juices  of  plants.  They 
are  amorphous,  tasteless,  and  inodorous  bodies.  They  are  distin- 
guished from  sugars  by  not  being  susceptible  of  fermentation,  and  by 
forming  rnncic  arid  when  oxidized  with  nitric  acid-  From  re^n^  they 
may  be  distinguished  by  their  solubiiity  or  by  their  softening  in  water, 
and  hj  their  insolubility  in  alcohol. 

Varieties. — Dextrin,  arabln^  esrasin,  Uxtgacanthin^  hasiorin^  caletidnlin^ 
saponin^  peat  in  ^  mrrugeenin^  ct/domn. 

(10  Dextrin  (CV>1Ili>05).  Dextrin  occurs  in  all  vegetable  juices,  and 
may  be  prepared  artiiiciaUy  (constituting  ELrtiBcial  or  British  gumji 
either — 

(a.)  By  heating  starch  with  or  without  water. 

(/i)  By  heating  starch  with  dilute  sulphuric  acid. 

(y.)  By  the  action  either  of  diastase,  such  as  is  contained  in  an 
infusion  of  malt,  or  of  a  similar  compound  present  in  the  stomach 
during  digestion,  on  starch. 

The  properties  of  dextrine  vary  somewhat  with  its  eouree.  It  di^l 
solves  in  water,  forming  a  mucilage ,  from  which  solution  it  is  prt-i 
cipitated  by  alcohol  and  hj  acetate  of  lead.  Its  action  on  a  ray  of\ 
polarized  light  is  dextro-rotatory  (1 38*^  7). 

Iodine  colors  some  specimens  of  dextrin  brown,  whQst  on  others  it 
is  without  action.  By  boiling  with  dilute  acids  it  forms  dextrose,  ^* 
does  not  ferment  with  yeast.  The  pure  gum  does  not  reduce  ^^ 
alkaline  copper  solution. 

(2.)  Arabin  (Ci,H.^,oO|,)  is  the  principle  of  gum  arable,  and  coo- 
stitutea  the  solvible  portion  of  other  gums.     It  ie  soluble  in  its  o^  I 
weight  of  water,  tbe  ao\ulV\jn  Amii^  \mwi\^  xv5«ii\i^  i^odine.    THe 


FusbtD  may  be  precipitated  from  ita  aqueous  aolution  by  alcobol,  by 
'basic  acetate  of  lead^  and  by  potaasic  silicate. 

Arabin  ia  probably   a  gummate  of  lime.     On    incineration,  arabin 

(^•ields  3  per  cent,  of  asb^  which  is  almoet  entirely  lime.  Gummic 
acid  is  aaid  to  be  soluble  in  water,  like  gum,  but  not  to  be  precipitated 
from  its  solution  by  alcohol,  unless  an  acid  or  a  salt  be  present.  It  is 
Isevo-rotatory  36°  By  a  heat  of  212^  F.  (100^  C)  it  forms  meta- 
gnmmic  acid  which  is  insoluble  in  water. 
(3.)  Cerasin  (C^H.^jOg)  is  the  insoluble  part  of  cherry-tree, 
peach,  and  other  such  gums.  It  ia  said  to  be  a  compound  of  lime 
and  metagummic  acid.  By  long  continued  boiling  it  is  changed 
into  arabin. 

(4»)  Tragacarntbin  is  the  soluble  portion  of  gum  tragaeantb. 
(5.)  Bassorin  is  the  insoluble   portion  of  gum  tragacanth,    and 
forma  the  chief  part   of  gum  basaora.     It  is  soluble  both  in  cold 
and  boiling  wat^r, 

(6.)  Pectin.  Unripe  Seshy  fruits  contain  an  insoluble  body  called 
pictme,  to  which  the  hardness  of  unripe  fruits  is  due.  By  the  action  of  a 
I  ferment  present  iu  the  fruit,  this  body  forms  in  the  ripe  fruit  a  soluble 
abatance  called  pectin.     The  peculiarity  of  pectin  is  the  property  it 
i6fl  of  forming  a  jelly  with  acids  or  alkalies.     It  is  soluble  in 
Rrater,  insoluble  in  alcohol,  and  without  action  on  a  polarized  ray. 
The  solution  of  pectin  is  neutral.     It  is  precipitated  by  alcohol,  but 
not  by  plumbic  acetate.     By  boiling  with  water  it  forms  pampectin 
J-which  is  precipitated  by  plumbic  acetate.     By  boiling  with  dilute  acid 
it  forms  miiu-peciin^  which  is  acid  to  litmus,  and  is  precipitated  by 
[baric  chloride.     By  the  action  of  bases,  all  these  varieties  of  pectin  are 
[changed  into  pec  tic  acid. 

We  are  unable  to  fix  definite  formulas  for  these  bodies. 


EEACTIONS  TO   BE  NOTBD. 

Alcohol  (Ethylic  alcohol,  C^HsCOn)):— 

1.  It  absorbs  moisture.  It  mixes  with  water,  contraction  and  heat 
I  oocurring  at  the  time. 

2.  Heated  in  a  test  tube,  (a.)  it  volatilizes  without  blackening; 
*  (j3,)  the  vapor  has  a  peculiar  odor^  and  (y.)  burns  with  a  hhi%^  smoke- 
I  \m^  non-luminous  flame, 

3.  Heated  with  sulphuric  acid,  (a.)  alcohol  does  not  blacken;  (^.) 
it  GTolves  an  ethereal  odor.     [Methylated  spirit  turns  brown,] 

4.  Heated  with  potassic  hydrate  it  gives  no  action. 

Glycerin,  C.HsCOH),:— 

1.  Heated  in  a  test-tube  glycerin  decomposes  without  blackening, 
emitting  acrid  fumes  of  acrolein. 
2»  Its  behaviour  when  heated  with  sulphuric  acid  or  w\t^  "^oXAse^a 
ate  ia  similar  to  the  action  of  heat  without  iheBe  leageuU, 
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3,  It  has  no  action  on  vegetable  colors. 

4,  Nitro-aulptiurtc  acid  forma  with  it  the  Babetitution  oompomid 

nitro-glyceria  cCsH5  (N0j)50^,) 


Sugars  I— 


i 


1.  Taito      ..     

2.  Action  on  polarized  ray. . 

3.  He&ted  in  a  test  tube  . . 

4.  Heat«d  with  E,SO^      . , 

£.  Heated      with     pot&fifiic 
hjdrata 

6.  Heated     with     potaasic 

cupric  tartrate     .. 

7.  Add  to  the  toktioa  two 

dropB  of  cupric  sulphate, 
andthftnXHa    ..     .. 


Sticrose. 


Very  sweet 
Dextro-roUtory  73^8° 
Chars ;  odor  of  earamel 
Chars  rapidly ;  SO,  erolTed 

No  cha&ge 

No  red  ppt.  of  CtijO 

Turns  ^lue;  on  beating 
little  alteration  occurs  at 
first;  a  slight  red  precipi- 
tate falk  after  a  time, 
but  the  blue  color  of  the 
solution  remaias. 


Glucose. 


Not  Tery  aw«et. 
Dextro-rotatory  Bi°. 
Chars. 

Chars  slowly,  forms 

pbo-saccharic  «oid* 

Becomes  daik  hrown. 


i 


Red  precipitate  of  Cu^O. 

Turns  blue ;  od  healing  an 
Immediate    yellow   pre- 
eipitate  occurs,  heoomin;  J 
dark    red    {Cu,0),    tb«l 
solution  lapidly    lotan^ 
its  color. 


Starch:— 

(1.)  Under  the  mieroecope,  starch  cells  appear  as  rotinded  grains, 
which  polarize  light. 

(2.)  Ineoluhle  in  cold  water.  When  boiled  the  cells  burst,  and  the  i 
Btarch  forms  a  paste,  Bhreds  of  membrane  being  apparent  in  thoi 
Bolntion, 

(3.)  It  forms  a  blue  compound  with  free  iodine ;  this  compound  i»/ 
(a.)  soluble  in  pure  water,  and  (/3.)  insoluble  in  solutions  containing 
free  add;  (y.)  is  destroyed  by  heat,  Umporariti/  if  the  heat  be  slight, 
but  permanent h/  if  the  heat  be  considerable. 

4,  It  is  soluble  in  strong  nitric  acid,  forming  atyloidin* 


Gum:— 

1.  It  softens  in  cold  water. 

2.  Gives  no  reaction  with  tincture  of  iodine, 

3.  Basic  acetate  of  lead  gives  with  it  a  white  precipitate. 
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CHAPTER   XXIV. 


THE   OBGANIC   ACIDS. 


Atiofnaliip  to  other  todies.  Mosouasic  Acids  :  Acetic — Acrylic — Sorbic — 
Banaoic— 'Ciimamic— Kaphtoic.  Dibasic  Acioa:  Sucduic — Fumaric — Phthalic* 
Trirabic  AciDh :  TricarbaOyliu — Mtiaitic.     ReACtioDs  of  the  acida. 

I       SuPFLKMBsrTAHY  Ghaftsh. — Fat*  and  Gila — SoAps— GandleB — The  Xfumiiui — Ink^ 
^H       Tamung. 


ORGANIC  ACIDS. 


1 


An  organic  acid  may  be  regarded  as  an  alcohol  derivative.  It  is  a 
oompoand  of  a  semi -molecule  of  hydroxy  1  (OH)  with  an  oxygenated 
rtkdicah 

(1,)  An  alcohol  is  derived  from  a  hydrocarbon  by  the  substitution  of 
dne  or  more  equivalents  of  the  group  (OH),  for  one  or  more  equiva- 
lente  of  H.     Thus— 

C.H^i  =  Ethane  and  forma  OgHa(OH)  Ethi/Iic  alcohoL 
C^Hg  =  Propane  ,,  ,,  C3H7(OH)  Frop^lic  alcohol. 
Upon  the  number  of  equivalents  of  (OH)  substituted  for  hydrogen 
atoms,  depends  the  atomtcitt/  of  the  alcohol,  by  which  we  mean  the 
number  of  ethers  that  an  alcohol  can  form  by  the  aubstitution  of  a 
monatomic  alcohol  radical  for  the  hydrogen  of  the  group  (OH) ; 
Thus— 

Motu&tomic  aJcohal  Diatomic  aleoliol  Tmtomic  alcohol, 

c,Hj(OH)  c,H6(on),  c,ns(on),. 

JVi^py/  alcohtft ;  Fropfuc  akohot ;  Property t  aleofioL 

(2.)  An  organic  acid  i»  derived  from  an  alcohol  by  the  equivalent 
ibstitntion  of  0''  for  H^t  or  of  Og  for  H^^  etc.     Thus — 

0,H5f^0H)  Ethiflic  alcohol  forms  C2H:,0(0H)  AceUc  aeidf 
CaHjCOH)  Propylk  alcohol     „     C3ll50(0H)  Propylic  acid, 

(S.)  An  alcohol  may  yield  more  than  one  acid,     The  number  of 
iMnds  an  alcohol  is  capable  of  forming  may  be  determined  by  the 
«Mnher  of  times  that  the  group  (OHg.OH)  enters  into  the  molecule  of 

alcohol.     Thus — 
hhylic  alcohol  C2H5(0H)  contains  bat  one  of  the  group  CHjOH 
-f  OH,).     It  therefore  forms  only  one  acid, 
Ethem  alcohol  C^H^  (OH)^  contains  two  of  the  group  CHgOH-     It 
ttierefore  forms  two  acids. 

(4.)  But  inasmuch  as  the  change  of  an  alcohol  into  an  acid,  con&i&ta 
^  the  substitution  of  O  for  Hj,  or  in  other  words  in  tli©  toiiNeT%^o\i  ^1 
the  group  CH^OH  of  the  alcohol,  into  COOH  ia  the  add  ^,'yT^^\l^»X\A^x 
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group  is  tanned  cm^boiofl),  it  follows  that  the  number  of  equivalents  of 
carboxjl  in  the  acid,  detemiiixea  the  basicity  of  the  acid ;  in  other 
words,  that  the  number  of  groups  of  carboiyl  indicates  the  number 
of  hydrogen  atomfi  in  the  acid  that  may  be  replaced  by  metale  to  form 
salta.  Thus,  C2H4O2  is  acetk  acid.  It  contains  only  one  of  the  group 
COOH  ;  it  therefore  is  a  mimt>h(mc  acid^  ue,,  only  one  atom  of  iti  | 
hydrogen  can  be  replaced  by  a  mettd  in  the  formation  of  salts. 

CfiH^O^  is  oxalic  acid.     It  contains  two  of  the  group  COOH;  it] 
therefore  is  dihamt  i.e.,  the   molecule  may  have  two  atoms  of  its 
hydrogen  replaced,  either  by  two  of  a  monad  metal,  or  by  one  dj&d 
metal,  in  the  formation  of  salts. 

(5.)  It  18  evident,  therefore,  that  the  basicity  of  any  acid,  ccwrespondi 
with  the  basicity  of  the  alcohol  from  which  the  acid  was  derived- 
Many  of  the  acids  known  have  been  actually  derived  from  aleoholsf 
whilst  many,  as  yet,  have  not  been  classified. 

Constitution  of  the  Acids*^ — Acids  have  been  regarded  as  formed 
on  the  type  of  a  molecule  of  water,  by  the  substitution  of  an  acid 
or  oxygenated  radical  for  one  of  the  h3'drogeDB  (if  the  radical  b« 
univalent)  of  the  water  molecule,  just  as  alcohols  are  regarded  ai 
formed  on  the  type  of  a  molecule  of  water  by  the  substitution  of  an 
alcohol  or  hydrocarbon  radical  for  one  of  hydrogen.  If  the  radical* 
be  divalent,  the  acids  and  alcohols  are  then  regarded  as  formed  on 
the  double  water  type,  etc.     Thus — 

(f  ingle  fML), 

/,j  ^  n,  I  0  _w„te,.. (C*H6)'  \  0  -Propene     (C,H,0)"  )  q  .Lactic" 
iti-}  Hg  [  "s-  water,     h,     j  "<-  glycol ;  H,  f  "«"  acii 

The  acid  radicals  are  denoted  by  names  ending  in  t/l,  as  acetyl,  tto 
radical  of  acetic  acid,  etc. 


Acid  Berivatives. 

(1,)  Salts. — Organic  acids  (as  we  have  said)  are  of  different  basiciH 
ties,  according  to  the  number  of  times  that  the  group  CO. OH  occurtl 
in  the  molecule.  When  the  acid  is  acted  upon  by  a  metallic  carbon 
hydrate  or  oxide,  the  H  of  this  group  (carboxyl)  is  exchanged  > 
a  metal  to  form  a  salt. 

(a,)  Mmobanc  actdSt  such  as  acetic  acid,  CH3C0(0II),  forms  (^l  j 
n&mial  salts^  as  sodic  acetate,  CH<|CO{ONa)  ;  (2)  acid  salts^  formed  W 
the  oombinatiou  of  a  normal  salt  with  a  molecule  of  the  aeid, 
acid  potassic  acetate,  (C2H30)2(OK)(0H);  and  (3)  hasic  salts,  formed  ^ 
the  combination  of  a  normal  salt  with  one  or  more  molecules  of  * 
metallic  oxide  or  hydrate,  as  triplumbic  acetate,  Th"{C^B.fi^)i,2l^bO* 
etc. 


ACID   DBRIVATTVE9. 
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F  f/3.)  Dihanie  aeidit  snaU  as  oxalic  acid,  CgOgfOH)^,  form  (1)  ntmnal 
miits^  fta  ammoTiic  oxalate,  C20.j(ONH4)^,  where  all  the  diaplaceaWe 
hydrogen  is  replacod  by  a  metal ;  and  (2)  add  ealL^^  as  aeid  ammonic 
pxalate,  OeOjj(t>H;  (ONH^),  where  one -half  of  the  displaceabla 
lljdrogen  is  rephiced  by  a  metaL 

[  (2*)  Acid  Anhydrides  or  Oxides* — These  are  bodies  formed  by 
ihe  8u]>8titution  of  the  hydrogen  of  the  carboxyl  ia  the  acid,  by  aa 
|cid  radical.     Thus,  CII^CO(OII)  being  acetic  acid,^ —  J 

i  (a.)  [CH,C0(Cn3C0)O]  =  acetic  oxide  or  anhydride.  fl 

\  (/J.)  [CHiC0(C.H50)n]    =  acetobenzoic  oxide.  ^ 

I  Thus  the  acid  radical  may  be  the  earae  as  that  already  present  in 
the  body,  as  in  (a),  or  it  may  be  different,  as  in  (/3).  Various  mixed 
l^nhydrides  may  in  this  way  be  formed. 

Preparation,^{l,)  By  the  action  of  the  acid  chlorides  either  on  the 
fteids  or  on  their  saltd,  ^B 

I    (2*)  By  the  action  of  acid  chlorides  on  metallic  oxides*  ^^ 

I  Propertm, — (I.)  By  the  action  of  maiei^  the  anhydrides  become 
kcids;  (2)  with  phosphoiHc  vhlavkh  (PCJ^),  they  form  acid  chlorides ; 
i3)  by  the  action  of  alcohols^  they  form  ethereal  salts;  (4)  with 
mmtnoniuy  they  form  acid  amides. 

\   (3*)  Acid  Peroxides. — These  bodies  bear  the  same  relationship  to 
fccid  oxides,  that  PbO  bears  to  PbOg.     Thus : — 
I         (011,00)50   =   acetic  oxifh;     (CH.iCO)gOg   =   acetic  pemxide. 
I    Preparation. — By  the  action  of*u  metallic  peroxide  (as  BaOj)  on  an        i 
rndd  anhydride  or  chloride.  ]^| 

[    Properties, — The  acid  peroxides  are  powerful  oxidising  agents.  ^i 

I  (4.)  CompoUDd  Ethers, — Ethereal  sails.  Bodies  formed  by  the 
Ribstitution  of  the  replaceable  hydrogen  of  an  acid,  by  an  alcohol 
Bi jdrocarbon)  radical.     Thus : —  ^J 

r  Acitic  acid,  CH,,CO{OH),  forms  CHaCOfOCeH^),  ethifiw  aceiatt.  ■ 
[  A  similar  formation  takes  place  in  the  case  of  the  mineral  acids.  ' 
Cbus: — 

I  Sulphuric  add^  H^S04,  forms  (0^.115)2804,  etht/li&  sulphate, 

t  Further,  as  we  have  normal  and  acid  metallic  salts,  so  we  may  also 
uTe  normal  and  acid  ethereal  salts, 

I  Preparation, — (L)  By  the  action  of  alcohols,  either  on  the  acids, 
me  acid  chlorides,  or  the  anhydrides. 

I  (2. )  By  the  action  of  the  acid  ethereal  salts  of  sulphuric  acid  on  the 
ilkaline  salts  of  the  acids, 

I  Propi  rttes. —StaXile  bodies.  When  heated  with  water  they  form  the  1 
■icid  and  ihe  dcohol  from  which  they  were  derived.  H 

I  (5.)  Acid  Chlorides,  Bromides,  and  Iodides,    These  are  bodies  ~ 

brmed  by  the  stilmtitutinn  of  tjie  (Oil)  in  the  carboxyl  group  of  the  . 
■U,  by  cither  chlorine,  hromiae,  or  iofiinc.     Thns —  ^M 

tSeeftc  add,  cn.COfOi/),  forms  <::n,CM)(CO»  «cff»([  cTaoridt .  " 

l^-^m-Jj^^.C^^ff^QO^QH}^  forms  U^a^^Qj^^CUV  guccin^^^  cKloride.^ 
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Preparation, — By  the  action  of  the  haloid  phosphorus  compoundaon  ^ 
the  acids,  or  on  their  metallic  salts. 

Properties, — ^Decomposed  hy  water  into  the  organic    and   haloid| 
acids.     Thus : — 

CHsCOCa)      +       HP      =      CIl3C0(0H)       +      ncL 


Acetyl  chloride        +       Water        = 


Acetio  stiid 


nydrocbloiia  j 
acid. 


(6.)  Acid  Amides  {Amidated  acids), — Bodies  formed  by  the  sub- 
stitution of  the  (OH)  in  the  carboxyl  group  of  the  acid  byamidog«n 
(NHe).     The  monobasic  acids  yield  normal  amides  only,  whilst  the 
dibasic  acids  yield  both  normal  and  acid  amides.     Thus : — 
Acetic  acid  CU^CO{OR),  forms  CHjCOCNHJ  Acftamide  (neutral). 
Succinic  add  Q\n^afl^{Oll%,  forms  aH4C36.(NHg)(OH)  Succinamide 

(acid). 
„  ,,  „        CeH4C20i,(NII.^)g    Snccifiamid0 

(neutral). 

Preparation. — ^(1.)  By  the  action  of  heat  on  the  ammonic  salts  of 
the  acids,  whereby  water  is  abstracted.     Thus  : — 

CH^COiONHO        =         CH,CO(NHe)         +         H.O. 

Ammonic  acotAte  ^  Aietatuide  +  Water. 

(2.)  By  the  action  of  ammonia  either  (a)  on  the  compound  ethers  or 
(/3)  on  the  acid  chlorides. 

(a.)    CH,CO(OC,H^)    +    NH,    =    C,H5(0H)    + 
Ethylio  acetate        -f  Ammonia  ^^  Ethylic  aloohol    4- 

(/J.)        CH,00(01)        +  2NH3  =      NH.Cl       + 

Acetyl  clilorido         +  Ammmrtia  ^       Ammonif:        -f 

chluride 

Propertieif,—  Wlien  the  acid    amides  are  heated    with   water, 

ammoniacal   salts  are  re-formed.     When  distilled  with   phospho: 

anhydride,  they  become  **  nitriles"  or  alcoholic  cyanides.     Thus: — 

CH3C0(NH,)    +     P,05     =    CH,OK(or(aH3)'"N)    +     2HP0, 

Acetamide  -f  Phosphoric  ^        Mttbyl  cyanide  (or  -f    Phospbone 

anhydndo  etbeujl  nitrile)  aoui 

(70  Haloid  salts  of  the  acids-  These  are  compounds  formed 
from  the  metalHc  salts,  by  the  substitution  of  the  metal  by  ckloriney  elfi.. 
Thus :— 

Pota^sic  acetate  CIIsCOlOK),  forma  CH300(0C1)  chlorine  acetate. 

Properties, — Very  unstable  bodies.  They  explode  at  a  low  tem- 
perature. 

(8.)  Substitution  Derivatives./— By  the  direct  action  of  the  haloid 
elements  on  the  acids,  the  substitution  of  one  or  more  chlorine  atoms 
for  hydrogen  may  be  effected ,     Thus  : — 

Cn,CU(OH)  =  Aeetic  acid. 
CILCICO(OH)  MonocMoracetic  acid, 
CHC1^C0((IB)  DicbloTEcetic  acid. 
CCJ/:0(OH)  TrieM?>tac«lk  ftt\<l. 


CHaCOCNHJ. 
Acotamide. 

CH,CO(NH,), 
Ac  et  amide. 


CH.BrCO(OH)  Motiobromaeetic  acid. 
CHBr,CO(OH)  Dibromtoetic  ftcid. 


AOID  J)£BiyATiyX8. 


595 


Bse  sabstitution  acids  form  salts,  compound  ethers,  acid  chlorides, 
like  the  original  acid. 


8  organic  acids  are  divided  into  three  great  classes  according  to 
umber  of  carboxyl  groups  (CO.OH)  which  they  contain,  or  in 
words,  according  to  their  basicity  : — 

Monobasic  acids;  II.  Dibasic  acids;  HI.  Tribasio  acids. 

Bse  may  be  further  subdivided  as  follows  : — 


(A.] 

Monobasic  Acids. 

UEB. 

nydrocarbon 

fiim  wMck 

deriTed- 

Formula, 

Ex&mpb. 

utenea  ,. 

cutylic 
mnm 

beuzoao 
ic  aeriw.. 

MriM    V. 

CnH»(OH).CO(OH) 
C  H^.,OCO(Ok) 

CaH^_iGO(OE) 

CnH-^^,GO(()Hj 

C„H„„,(OH)CO(OH) 
CnH,>    ,(OH),GO(OH) 
CnH^_J0H)CO[0H) 

G^H^_^CO(OH) 

Acetic  acid  GH.COCOH) 

Lactic  acidC,lI,(OH)CO(OH) 
PyTQTic  acid  G^tfaOCQfOH) 
Gljmnc  a^jid    CH,(DHJCH(0H) 

GO(OH) 
Acrylic  iicid  C_HXO(0H) 
Sorbic  flcid  C-kcOfOD} 
Benzoic  acid  C4H,GU(0E) 

SiOicylic  acid  C(H,COH)CO(OH) 

Oiyaalicylic    add  CaH,(OH)^CO 

(OH) 
Gdlic  acid  GeH.(OH),CO  OH) 
Cinuamic  acid  G,HtCU(OH} 
Phenyl  pn>pioUc  aiiid  C^H  jCjCO 

iom 

Napbtoic  oeid  Ci^jH^GO(OH) 
AnthraflOfie-caiboxyUc  acid  GuH- 
CO(OH) 

(B.)  Diba43ic  Acids. 


IIES. 

Bydrocarbon 

from  wbitli 

derived* 

Formula, 

Example. 

Beriei      .. 
iQ  tenet  ., 
aric  eeriea 
aeriea 
ieriea     ,. 

Ca^m  +  t 

C^H^(COOH), 

Ct,H,^^,(OH)tCOOH) 

C„H,„,,(0K)CCOOH, 

CiiH,„_,{COOH), 

Sticcinic  acid  GsH,(COOH], 
MaUeacid  C,HJOH)(0O0H}, 
Tomric  acid  CjHj(OH)^(C00H)j 
Fumiiric  add  aH,(CUO  il\ 

(C.)  Tribasic  Acids. 


LIBS. 


Hydrocafbcm 

fn£>m  which 

derived. 


Ijlicieiiea 


Formula  cf  Acida. 


C„H^_,(G00n), 
t^.B^-^.(COOH), 


llxample^ 


Tricatbft\\^V\&  at\^  ^5LA^Q^B.\^ 
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A.    MONOBASIC  ACIDS. 

Acetic  Series. 

Sbeies  I.     Formula  (0„H2„+i.C0(0H)).^ 
Of  these  we  recognize  three  groups — 

(a.)  Normal  or  primary  acids  |  porOH^^*      *  ^ 

derivatives  of  primary  alcohols  {see  page  559),  t>.,  an  alcohol  where 
one  hydrogen  atom  of  carbinol  CH3(0H)  has  been  replaced  by  a  radical 
of  the  formula  CnHjn+j 


(/3.)  Secondary  acids 


{C(C„H2n+i)2H  . 
CO(OH) 


derivatives  of  secondary  alooholsi  i,e,y  an  alcohol  where  two  hydrogen 
atoms  of  carbinol  CH3(0H)  have  been  replaced  by  two  radicals  of 
the  formula  CnHjn+i. 


(y.)  Tertiary  acids 


j  C(CnHon+i)3  . 

\  CO(OH)       ' 


derivatives  of  tertiary  alcohols,  t>.,  an  alcohol  where  three  hydrogen 
atoms  of  carbinol  CH3(0II)  have  been  replaced  by  three  radicals  of 
the  formula  C^Hon+i.     Thus — 

From  the  alcohols  we  obtain  the  acids : — 


Alcohols. 

Acids. 

Example. 

(a.)  C(C„H^+,)H,(OH) 

\  COOH 

( C(OH,)H, 
ICOOH 

Primary  alcohol. 

Primary  acid. 

Propionic  or 
methacetic  acid. 

(/3.)  C(C„H^+,)*H(OH) 

1  COOH 

(C(CH,),H 
(COOH 

Secondary  alcohol. 

Secondary  acid. 

Isobutyrio  or  di- 
methacetic  acid. 

(y.)  C(C.H^+03(OH) 

{c&^*^'' 

1  C(CH,), 
ICOOH 

Tertiary  alcohol. 

Tertiary  acid. 

Trimethacetic  acid. 

AOSnO  SERIES. 
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(a.)  Normal  acids  of  the  acetic  series  |  qq^q^"*"'^^* 


FUflUDg  Ft 

BolHi^Pl. 

IDS. 

FormiiU. 

gp.  Or, 

Hanurki. 

^j. 

'^C. 

^F, 

*•€. 

^d..     .. 

yCO(0H)» 

aa^ 

I 

itrn 

ICO 

T«3aU6 

m 

See  pa^e  &9t. 

lic««tSd> 

Id  ..    .. 

Cfi^CO(OH^t 

«i-a, 

17 

ut& 

111 

1003  at  3D 

(SO 

Sm  page  60*. 

C.H.C0COH) 

im'% 

141 

-396  at  If 

74 

$aa  page  60a. 

Ik  Hid] 

bo 

Ittw 

C;,H,€0<OH) 

—1 

sa 

i2}» 

161 

'SfllatO 

Ki 

S€«p«gQ6^. 

C*H,OOCOHJ 

UTO 

HA 

^57  Hi  0 

m 

S««  pkgc  &03. 

lie  add) 

eld,.      . 

c,e„co(OH) 

41-0 

*'0 

J»fl-4 

las 

*H3  at  0 

lie 

S««pago«03. 

^»^) 

rlkwld.. 

C,H,,COtOfl) 

41^-6 

!7)3 

■9UatO 

1SD 

8eepflgfl604. 

^■dd) 

Kid   :*' 

C1,H^C0(0HJ 

fit -3 

U*tt 

4S6^9 

2»e 

114  1 

OoffQn  as  a  ^Ijcei^dfl  in  th<9 

il«ifiid) 

htitt«r  or  cowi'  milk  ami  in 
DCKWa  nut  oil. 

leaeid.. 

C.E„00(OBJ 

64^4 

lil 

MOiJ 

^0 

-aOBft  it  IT 

ll«  1 

Ocean  In  tbe  Ifltrea  nf  tba 

U«>el<l> 

pared  by  tlie  action  ul  nltHo 

add  on  oil  nf  rue. 

Id..     .. 

C,H„OOCOIIJ 

86-0 

3& 

17J 

Occurs  Eli  El  gl^ceride  in  buttaf. 

IMidJ 

and  alao  in  eot'oa  nut  oil,  And 
Id  rufiulolL  Mtyb«|irepv«d 
Uy   tbfl   DJtIdatlon   uf  olida 

U..     .. 

C,^H„CO(OII) 

110  4 

«B 

3^0 

Oecura  OJi  a  ffljKs^idt  in  tti« 
fftuof  tba  b*y  trw,  piebarlm 
boaot,  oocoa  nut  oH,  Hpar* 
niacetl*  etc. 

idd      „ 

Ci,H,.CO(OHj 

ui-a 

&a^ 

m 

Occun  aaagli^eride  la  nut- 
meg  butter,  coooa  nut  oil, 
■p6Tdia<3Ati,  md  otaba  fut. 

iel4      .. 

Ci,H„CO(OHj 

143e 

mo 

2^S 

See  pofie  6M. 

acid     „ 

14l*'0 

eft'o 

2MI 

SoepftKeM4. 

M.*     *^ 

1M-h5 

69-3 

I'OlatO 

1fi»4 

Sfle  pftffe  604, 

iad4    .. 

cilH^^cocoaj 

167  d 

7fi*l 

am 

A  whit*  cryitaltlno  fHt,  jw^ 
pfti-ed  by  tbfi  upaniOcsli<ni 
of  t^e  oil  of  thfl  «arLh-nul 
(araclilJ  hypQemn). 

Mid       ., 

C,iB,,00(OH) 

im-s 

760 

040 

A  whtre  cry«talUno  fal,  pra- 
parod  bv  ih«  mtiiouJflcaUua 
Qf  oil  of  ben. 

:a^d  .. 

C„ffrtC0C0R5 

ito*e 

77  0 

M,,     .. 

c::h7.coioh) 

n^^  1 

ISO 

41» 

Pr^parfid  from  oerln  (ri*.,  thiit 
p^nlun  of  be««'  wax  soluble 
in  boiling  alcotiol),  or  Ibioi 

Cliineda  wax,,  a  fnt  pTidaced 

on  oertyn  trws  lu  Cbina  by 

t^bfl  pnnctuns  of  a  apeoiefl  of 

OOCCQI. 

■dd     .^ 

C,^,.CO<OH) 

190-4 

ss-o 

4hi 

lYf9E»ri!d  by  beatiii^  mebiale 
aicobi^l  with  potAHic  lij- 
dAta. 

•  The  ndioal  C(C„H,.  +  ^)Ut  in  formic  add  is  replaced  by  H. 
t  Tba  Talue  of  the  .  In  the  general  tormula  for  acetic  add  -  0. 

Natural  Histary  (^enera^.— Many  of  these  acids  are  met  with  in 
lature  in  a  free  state ;  e,g,,  Formic  acid  is  found  in  ants  and  in  nettles, 
ralerio  add  in  valerian  root,  etc.  Certain  of  them  occur  naturally  as 
dhereal  salts,  such  as,  e.//.,  cetylic  palmitate  in  spermaceti,  glyceric 
itearate  ii^  beef  and  mutton  fat,  and  glyceric  palmitale  m^Q[\xxi  oVl^  ^\<^« 
(Hence  the  reason  tha^  these  acids  are  called  tlie  fatty  aet\^^  oi  ^^\^^« 
The  &ni  nine  terms  of  the  series  have  been  prepared  axt\£LC\^^- 
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Preparation  (Oeneral)  : — 

(1,)  From  the  corresponding  primarff  alcohols.  By  simple  oxidation 
by  Buch  means  as  exposure  to  air  on  platinum  black,  or  by  beat- 
ing with  a  solution  of  chromic  acid,  etc,, 

CH3.CILOH       +       Oa       =      CH5.C0{0n)       +       HgO. 
Ethvlic  alcohol        +     Oxygen    ^  Acetic  acid  +        Water- 

(2.)  Prom  the  corresponding  aldehydes.     By  oxidation. 


CH^.COH 
Acetic  aldehyde 


+ 


0        = 

Oxygen      ss 


CH3.C0(0H). 

Acetic  acid. 


(3.)  From  the  cyanides  of  the  hydrocarbons  CJ^^^x*     By  the  action 
either  of  acida  or  of  alkalies. 


(aO  aiT^ ^ i,CN  +  211,0  +  nCl=C JL„  ^  ,,CO(OIT)  +  NII.Cl. 
(/3.)  CJl,„+i.CN  +  HeO-hKIIO=C,H^,i,GO(OK)  +  NH;^ 


4 


[The  cyanides  are  formed  by  the  action  of  potassic  cyanide  on  a 
haloid  derivative  of  a  hydrocarbon,  and  in  some  cases  by  distilling 
potassic  cyanide  with  the  potassic  salts  of  the  sul phonic  acids.] 

(4*)  By  the  action  of  carbonic  anhydride  on  a  compound  of  the 
alcohol  radicals  of  the  methyl  series  with  potassium  or  sodium. 
Thus :— 


CIl^Na 

+ 

CO,        = 

CII,,CO(0Na) 

Sodic  motbide 

+ 

CarboTiic       ^ 
Anhydride 

Sodic  acetate. 

(5.)  By  the  action   of  water  on  the  corresponding  acid  chlorides- 
Thufi  — 


C.H.OCl       + 
Acetyl  chloride    + 


H^O       = 


HCl 


Water 


==  Hydrochloric  -|- 
acid 


CH3,C0(0H). 

Acetic  add. 


General  Meactiona  of  the  Acids  of  the  Acetic  Seri^, 

K  When   these  acids   are  submitted  to   electrolysis,  the   na 
oxygen  evolved  from  the  positive  pole  sets  free  the  radical  and  reaolv 
the  carboxyl  into  water  and  carbonic  anhydride  (2(0H3.0O,OH}  +  1 
=  (CH3),  +  2CO2  +  H,0). 

2.  When  tlie  ammonic  salt  of  these  acids  is  heated  with  phospho 
anhydride,  the  salt  parts  with  ita    water,    and  forms  a  nitiile 
abnormal  cyanide  of  the  radical  next  below  it.     Thus: — 


CHj,CO(OKnj 
Amnionic  acetale 


+     2P5O5     =     CH3(CN)'" 


+     4HP0,. 
4-  Metapboiphflri*  | 
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3,  Bj  distilUng  the  potassic  salt  of  an  acid  of  the  acetic  series  with 
in  equivalent  quantity  of  potassic  formate,  the  acid  is  converted  into 
the  aldehyde ,    Thus : — 


I 


CHjCOCOK)     +     HCO(OK)     =     CH.COH     +     KeCO^. 

Potassic  acetate      +  PotiiRsiu  formats    ^  Acetic  aldehyde  -f     Potassic  car- 
bonate. 


When  this  aldehyde  is  treated  with  nascent  hydrogen  it  is  con- 

I  verted  into  a  primary  alcohol. 
I    4.  By  the  distillation  of  the  dry  baric  or  calcic  salt  of  an  acid,  a 
ketone  is  formed.     Thus: — 


Ca(C2H.,02)2 
Calcic  acetate 


COCCIIA 

Acetone 


+         Ca'COi- 

+     Calcic  carbonate* 


When  the  ketone  ie  treated  with  nascent  hydrogen  it  is  converted 
into  a  secondary  alcohol. 

5.  By  heating  the  acids  and  the  alcohols  together  in  sealed  tubes, 
the  compound  ethers  are  formed  (tice  page  593). 
We  now  proceed  to  examine  the  acids  in  detail. 
L     Formic  Acid  {HGO(OH)^ GH A)-    IMohmhr  weight,  46.   Specific 
^mravit^  of  liquid,  1*23.     Fuses  at  33'8°  F.  (l^'O.),  and  boiU  at  212^ F. 

^f    Spicntfms, — Methi/Hc  acid  :  fftftlrie  formate. 

Natural  Histoty^—lt  constitutes  the  active  principle  of  the  stinging 
matter  of  ants^  nettlesi  etc. 

Frfparaiion, — (1.)  By  the  oxidation  of  methylic  alcohoL 


CH3(0H)         -f         0^         ^ 
Math jlic  alcohol       -|-      Oxygen      ^ 


HCO(OH)         +         H,0 
Formic  acid  -f-  Water. 


(2,)  By  the  oxidation  of  numerous  organic  bodies,  suck  aa  guoi, 
agar,  starch,  etc. 

(3.)  By  the  action  of  heat  on  oxalic  acid.  (The  acid  should  in 
iie  first  place  be  mixed  with  sand  or  glycerine.) 


Oxalic  add        == 


IICO(OH) 

Formic  acid 


+         CO,. 

+  Corbomc  anhydride. 


(4.)  By  the  action  of  water  vapor  and  carbonic  anhydride  on  potas- 
mxkm^  the  potassic  salt  of  formic  acid  is  produced. 

Ks     +     sea,     -h     H.O     =     HCO(KO)     +     KHCOj, 

Potawium-I-     Carbonic    +     Water    ^   Potaiuo  format©  +   Hydrio  potasaio 
anhydride  carbonate. 

(6,)  When  silent  electrical  discharges  are  passed  through  a  mixture 
[of  hydrogen  and  carbonic  anhydride,  traces  of  formic  cudi,  QiX^  ^^ 
I  ^  he  produced.    (Brodie,) 
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(5.)  By  tho  action  of  potassic  hydrate  (a)  on  chlon/orm,  (/])  on  | 
carUmic  oxides  and  (yj  on  h^dt'octfanic  acid* 

(a.)ClICl3     4-     4KH0     ^     HCOtKO)     +     3KC1     4-     2H,0. 

ChloroforiD    -h       Potaafiio      =  Pota«sic  fomuite  -f     Poiaaaic      +       Water, 
hydrate  chloride 


chloride 

CO        +         KIlO         =        nCO(OK). 

Carhonic  oxide     -h     Potaaait:  hydrate      ^       PotftAuc  formnte. 


(y.)     IICN 

llydrocyanio 
acid 


Il^O 


-f    Potiw^ic    +       Water 
h)ciruto 


nCO(OK)      +      NH,. 

Potassio  Hh     AmmooiA. 

foriuate 


Properties, —  (a.)  Fhf/sicaL  A  colorless,  inflammable,  corrosive 
liquid^  burning  with  a  blue  flame-  The  vapor  has  a  very  penetrating 
odor.  Sp.  Gr.  1*23.  When  cooled  to  below  32^' R  (C^a)  it  forms 
l>rilliant  tabular  crystals.  It  boils  at  212''  F.  (100°C.).  It  dissolves 
in  water  freoly,  the  solution  having  a  very  acid  reaction.  It  decoui' 
poses  carbonates  readily.  By  the  action  of  alcohol  it  may  be  parliaUy 
converted  iato  ethyl  formate, 

(/i3.)  Chemical  With  ^ulphuHc  ncid^  formic  acid  breaks  up  into 
-water  and  carbonic  oxide ;  with  strong  bases  it  forma  oxalic  acid, 
hydrogen  being  evolved  (2nC0(0H))  +  BaO  =  CACBaOg)  +  % 
+  H/J).  With  chhiinet  it  forms  hydrochloric  acid  and  carWnic 
anhydride  (HCO(OH)  +  CL  =  21IC1  +  Cx>^). 

It  is  a  powerful  reducing  agent.  Thus  it  converts  mercuric 
chloride  into  mercurous  chloride  (calomel) »  and  reduces  metallic 
mercury  when  mixed  with  mercuric  o.\ide  (liC0(On)-hHgO=C0sj+ 
llg  +  ll«0).  Thie  reducing  action  of  formic  acid  ou  metallic  salte, 
diHtinguiahes  it  from  all  other  acids  of  this  group. 

It  forms  Baits  called  formates,  all  of  which  are  soluble,  and  may  be 
expressed  by  the  formula?  HCO(OM') ;   2HCO(02M") ;  3HC0(0,M").| 

Acetic   Acid   (0.al^O,   =    CH,CO(OH)),      \Mohcular   Wright,  60| 
Spedjtc  gravity,  1'063.    Fuses  at  62*6^  F.  (17^0,),  and  boiU  at  246-2°  1 

Sifnomjuiii, — Eth^lic  acid ;  JZifdric  acetate ;  Spirits  of  vinegar. 

Natural  Histortf. — It  occurs  in  small  quantities  in  animal  fluids,  i 
also  in  the  juicea  of  plants. 

Preparatiim. — By  the   general  processes  already  described  (p 
61)8). 

(20  It  is  also  produced  during  the  destructive  distillation  of  wo 
(itee  page  491);  and 

(3.)  During  the  (so-culled)  acetous  fermentation  {^ce  page  485). 

Glacial  acetic  acid  (C^H^Om)  is  prepared  by  distilling  sodic  ui^etaW 
with  concentrated  sulphuric  acid. 

J^rojferiier9. — Acetic  add  ia  a  <:t)W\vi&%,  y^tl^'^uI,  ^itixt^saive  liq^**^ 
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solidifying  to  a  white  cryetalliiie  mass  at  62*6^  F.  (IT'^C),  and 
boiling  at  246^2"^ F.  (UO'^a).  8p.  Gr.  1-063.  The  vapor  is  inflam- 
nable. 

Its  vapor  density  exhibits  an  anomaloiis  behaviour.     Thus,  at  a 

rerjr  high  temperature,  its  vapor  has  a  normal  density  of  30  (Mol.  Wt. 

SO),  wUiUt  at  a  few  degrees  above  its  boiling  point,  the  vapor  has  the 

ibnormal  density  of  45,     This  is  explained  by  supposing  that  at  the 

:>wer  temperature  the  vapor  is  not  a  true  gas,  but  commences,  so  to 

peak,  to  behave,  at  this  low  temperature,  as  a  liquid. 

It  mixes  with  alcohol,  ether,  and  water,  in  all  proportions.     On  the 

Idition  of  water  its  specific  gravitj^  riaea,  until  the  proportions  corre- 

and  lo  a  hydrate  of  the  formida  02Tl|0,HgO.  By  adding  more  water 

tie  specific  gravity  sinks.      The  acid  dissolves  camphor,  etc.      When 

Litttsaic  acetate  is  distilled  with  arson io us  oxide,  it  yields  kakodyL 


Metallic  Salts  of  Acetic  Acid. 

Of  these  the  following  are  the  most  important :— 


Formula, 

Bemarks. 

hoUwie  acetJite,  nonnid   , , 

KC,U,0, 

A  deliqueacent  salt,  soluble 
ill  watei'  and  alcohol. 

ftcid 

KC,HA,C^.O. 

DeooroiK)M«  at  392"  F. 
{200'  C),  giving  off  the 
glacial  acid. 

lodioMeUte 

NaC,H,03,3HaO 

Melt«ataoO'4''P.(288'C.); 
decomposea  at  699*  F, 
(316'  C.). 

Uumome  aoetnU,  n&utrtil, . 

NHAH^O, 

Spiritiia  Mitidereri  U  tbe 
aqueous  solution  of  the 
BP. 

,,             neid     ., 

humhic  acotate,  uoriixttl  . . 

Prepared  by  dissolving  li- 

(Sttgarotlcttd) 

tharge  in  acetic  add. 

( 

'>?b"(c,ii,o,),,Pbo 

The     aiiliitmn     cooatitutea 

hade 

I'l                     >PbO 

goulard  water. 

Jupri©  aeetate,  normal 

t  i                    H-uq 

„                bnaic 

2t  u    n  ,i.  ,u,i„CuO,(jILO 
Cu''(aH,,OJ,,2CuO,3H,0 

Argentic  acetate..     ..      ,. 

Uuiitinic  acctato,  aeatri&l  . . 

Mucli  used  in  calico  print- 

ing»  the  acetic  acid  being 

capable  of  being  driven 

Otf  at  a  low  temperaturo* 

,,           himc      .. 

A!  '>     "^Vf^^4H,0 

>rroo»  acotate 

h\ 

%wTie  ftci«tiit«            . .      .  - 

-hf^T  Important  denVatives  of  acetic  add  nxe  stulQ^m^ 


^^  .. — -ui^ — ■ 
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I 

Bolllajf  Pt 

M 

^B                     N^ma, 

Fo(r]nalA. 

Sp.Qr. 

RdBftflci. 

"K 

»a 

Methvlie  ac«t*te    .*     ^* 
^H         EUiyflc  tPetAta      ..     .. 

CH,C0(0CH,) 

a'9ftrt2 

m9 

6V5 

Salnbla  In  aSoohoIt  water,  and  ethei. 

CHaCOCOC.HJ 

OBf>0 

J  TDK 

no 

^H                  (Ac«dcett]«r). 

Hydrogen  U  i«id  to  be  n«l»«d  wtm 
etlyllc  ac«t«re  is  heated  wtUi  todiuA. 

^H         Amyllo  a,c^etiit43      .«     .> 

CH,CO(00,H»J 

aoo'S 

119-a 

Odor  of  Jarironfftlepesar. 

^H         Acsik  chloride      ..     .. 

CHaCOCl 

LSli) 

55 1) 

A  oolorlen  Itqald^deoompoaedl^nlffv 
Pn?carod  by  the  actkm  of  Pa,« 

^m              (Acetjrt  cldorlde). 

■ 

glacial  aoeUc  acid. 

^H       A««Ue  ■nhydtlde  *.     .. 

ca.coP 

V50>4 

IBfi-0 

A  beavy  oil ;  prppaned  by  the  aeUaa  4 

^^M 

acetyl  chloride  on  potaaeie  aretata 

^H        Aeetic  peroxide    .»    .. 

CHjCOO ) 
CH^COO  f 

Prepared  by  the    action  of  BaO«  «i 
aoetifl  anhydride. 

^I       Monocbloricetic  acid  ., 

CttpCLCOOH 

366  8 

1960 

Prepared  by  tbc  actlou  of  chlovtetfl 
g\afial  acetic  arid  In  auntigbt    i 
solid    body,    memne    at    UtT  F. 

^m       DkhloTAcetic  acid  . .     ,. 

CHCT.COOa 

l-SJIfl 

Sll-0 

105-0 

■ 

aokt  to  t^  actiiMi  of  dry  ddflfte.  1 
Prepared  by  ci posing'  a  little  ortbt  ai» 

^H        THchloracctic  odd 

CCI,.C00H 

1-017 

3«0S 

199  0 

^^M 

«f  fiiaeil 

talHsed  acid  in  a  tMittl?  of  cblndMS 

1 

a«ld. 

auDllght  ioT  several  houre.    A  mM 
body,  melting  al  1 1  *■%<>  F.  fiS^C  > 

^H         Monnbrnmaretic  and    . , 

CH,DrCOnH 

The*  adds  are  prepared  by  beaU« 

^m         Dlhrooaatetlc  acid..      .. 

CHO  racoon 

bminine  with  erUdjit  aoetk  acid  it 

1               Trlbronjicetic  icld 

CBr/'0«>H 

acfllcd  tubes. 

Tbiaceticadd        ,.     .. 

CU^CO(SII) 

903-O 

Sft-O 

PrepAred  by  distilline  tocher  leMir 
acid  and  P^S,.    A  colorleac  UqnH 

^K        lodacetlcocJd..     ., 

CHJCOfOH) 

^H        AoetajsiJde      , 

CH3C0(XUJ 

4S9'a 

nt-o 

A  iolld,  mphints  at  172-4*>  F.  t7it*a 
Prepartd  by  the  diatillattea  of  m 
mfVDic   aoetatii.     It   csooiblDM  « 
acida,  uid  ykslda  metalUc  d-  rfnlli 

^m         Amtdoacoticadd.. 

ca,(NH,)co(on> 

A  Bolld,  fcirmed  by  the  artiun  of  g 

^M             (GlyenciDB,  Qiycocol). 

TDonia  on  brtmi-acettc  acid. 

^1         lletlt?!  i?I}?e&cioe  «       .. 

C,H,N0. 

Prepared     either    by  digvutln^  dl| 

^B                  (SarcoaLoe). 

cbioraccUTo    with    an    txttm  if 
concentrBTed    snlnrlon     of    laeQ 
tuninf*,    or  hy  boiling  knalSM  1 
bijrytA  water. 

H               Propionic   Acid   (C3H60g=C,H5COOH).      IMokcular  weight,    74.  1 

^m^      i?c/i7A-  af  284°  F.  (110^  C.).]                                                                                      1 

^^^^         Synonipm. — 3[ethicttic  uct'd ;  Proptjh'c  acid.                                                1 

^^^V         Preparation. — (L)  By  the  general  methods  already  described  Cpii^lJ 

H^      598).                                                                                                             ■ 

^^^K         (2.)  By  the  action  of  hjdnodic  acid  on  lactic  acid.                           ^M 

^^^r         (3.)  By  tlie  fermentatioe  cither  of  glycerine  or  of  sugar  with  putn^f 

^m           cheese,  in  the  presence  of  calcic  carbonate.                                            ^M 

H               Properties,— A  crystalline  solid,  boiling  at  284'' F.  (140°C.).    It  »^P 

^m           soluble  in  water.     It  forme  aalta  called  propioaates,                                I 

H               Butyric  Acid  (OJiaO,  =  C,H.CO(OH}).      [Molecular   weight,  ^^'  J 

H            Specific  (gravity  ofiiguid,  0-9886,     Fuses  h^low  -  4"^  F,  (  -  20°  C.)     BoH^^ 

H           at  321*8'' F.  (161'' a)0                                                                               ■ 

^^^^         Sffnonyms. — Ethaeetic  mid;  Biethacetic  acid i  Tettylie  acid,                   ^M 

^^^r         Natural  Mstory.^— It  la  found  in  biittor,  in  tamarinds,  in  varioW^| 

^V         animal  secretions,  and  iuTaTious  kinds  of  decomposing  animal  ^^  Ij 

H^         Tef  etable  matters.                                                                           ^ 
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I     Varieties, — ^The   acid  is  ^nown  m  two  iflomeric  conditioDS  ;  viz.,  as 
hM>rma^  butyric    add    (CH3.CHn-Cnn.C0(011)),   and    as    isohutyric  acid 
CH(CU3)^C0(0H).    They  are  both  colorless  liquids,  and  both,  when 
heated,  yield  acetic  acid  and  carbonic  anhydride. 

Prefxirati&n  af  (a)  normal  butyric  add, — (1.)  By  the  oiidatioii  of 
normal  butylfc  alcohol  (CII..Cri^.CH-j.CH^.On). 

(2.)  By  the  fermentation  of  sugar  with  oheeee  and  chalk  {nee  page 
485), 

Properties.— At  32^  F.  (O^O.)  it  has  a  8p.  Gr.  of  0-981.      It  boila  at 
B23  6^  to  325-4^  F.  (162°  to  163^  C/). 
Preparation  of  (a)  isobnfyric  acid. — By  the  oxidation  of  isobutylic 
^alcohol  (ClI{Cir3)^CIL,0II). 

B    Pn*perti4s.—ki  U^C.  it  has  a  Sp.  Gr.  of  0-959,     It  boils  at  309*2''F. 
^■154^0.).     It  is  more  easily  de<M>mposed  by  heat  than  the  normal 
^ncid. 
'         Valeric    Acid,  C^B,^0,=C^'Eg,CO{On).     Mokndar    Weight,  102. 

iSp.  Gr,  Gf  liquid,  0'937.     Boih  at  UT  F.  (175^  C),  ^ 

Synonyms, —  Valerianic  acid  ;  Pentyltc  acid,  ^| 

Natural  History. — It  is  found  in  valerian  root,  in  the  berries  of  the 
guelder  rose,  and  in  many  other  plants.  ^^ 

I     Varietie^^ — It  exists  in  four  isomeric  states,  viz, —  ^| 

(«.)  Normal  Paieric  or  vabrianic  acid  (propyl acetic  acid)—  ^M 

I  Cn3.CH,,CH2.0Hc.C0(0H).  V 

I    Pnpaj'ation.^^Bj  the  oxidation  of  normal  amy  lie  alcohol. 
Properties, — An  oily  liquid,  having  an  acid  taste,  burning  with  a 
smoky  fiame,   and  boiling  at  366"^  F.  {18,7°  C),     It  has  a  specific 
avity  of  0-9577  at  32^^  R  (0°  0.). 

(/J.)  ho^valerir  acid  (iso-propylacetic  acid)  CH(CH.,)2.CH^,C0(0H). 
Preparation, — By  the  oxidation  of  iso-amylic  alcohol. 
Propertiie, — A  liquid  boiling  at  347° F,  (175°C.).     It  has  a  specific 
f  graiity  at  0^  a  of  0-9468. 

(y.)  The  third  modification  of  this  acid  has  not,  as  yet,  been  pre- 
J  pared.  Its  suggested  formula  is  CH{CHs)(CyH5)C0.(0H)  (meth- 
I  ethacetic  acid).  Unlike  the  other  acids,  it  rotates  a  ray  of  light  to 
I  the  right.  ^H 

(a,)  Tertiary  valeric  add  (trimethacetic  acid)  C(CH3)3CO(OH),  W 

Preparation, — From  tertiary  butylic  alcohol* 

Properties, — A  white  crystalline  body»  melting  at  95*^  F.  (35°  C), 
and  boQing  at  32 1-8^'  F.  {161°  C). 

Valeric  acid  forms  metallic  and  ethereal  salts,  called  valerates,  and 
ilio  substitution  oompounda,  suoh  as  chlorovaleric  acid  {C5II7OI3O2)* 

Caprolc  Acid,  CeHiA=05U,i.C0(0H).      Molecular    wdght,    116. 
%  Gr,  at  32*^  F.  (0*="  C.)  0^943.     Solidijiee  at  15-8°  F,  (^9°  C.)      BoiU 
«t3S8'4^F- (198^0.). 
Sifnonym, — Hestylic  add. 

Natural  ffisior^, — It  occurs  as  a  gljceride  in  the  tuttex  ol  ^loV^ 
^^,  and  also  in  coco&^nat  oU, 
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Preparation. — (L)  By  the  action  of  alkalies  on  amyl  cjanide 
(CIIu^CN). 

(2.)  By  tbo  oxidation  of  poppy  oil,  of  oaBoin,  and  of  many  fatty 
acids. 

(3.)  By  the  saponiEcation  of  cocoa-nut  oil,  and  distilling  the  soap 
formed  with  dilute  eulphuric  acid* 

Proper  ties, — A  clear  oil.     It  formB  salts  called  caprooUsu 

Leucine,  or  Amido-caproic  acid^  OqII^^Q^  or  C(jHh(NII^)02,  i» 
formed  by  the  decomposition  of,  or  by  the  action  of  acids  and  alkalitt 
on,  various  animal  substances.  It  has  not  as  yet  been  obtained  frinn 
any  caproic  acid  derivative.  It  consists  of  volatile  crystalline  scales, 
which  melt  at  212^  F.  (100'^  C.}, 

(Enanthylic  Acid,  O^Hj^O.^,  or  C6H,3CO(OH}.  MoUmilar  weight, 
130.     Sp,  O'r,  at  32'  F.  (0^  0.)  0-934.     Boils  ai  413-6*'  F.  (212*^  C), 

St/nont/m, — Ileptylie  acid. 

Preparation. ^Bj  the  oxidation  either  of  castor  oil  or  of  a>nanthylic 
aldehyde  (C7H14O),  a  body  obtained  from  castor  oil  by  dry  di^ 
tillation. 

Palmitic  Acid,  C,6H5.,0„  or  0|5H,,C0(0H).  Molecular  untight, 
256. 

Natural  History/, — It  occurs  in  many,  if  not  in  most  natural  fats, 
as  a  gljceride,  associated  with  stearin,  as,  e.g.,  in  palm  oil,  as  glyceric 
palmitate;  in  spermaceti,  as  cetylic  palmitate;  in  beea'-wax,  ai 
myricyl  palmitate  (melissin),  etc, 

Prqyaralion, — (1.)  By  saponifying  palm  oil,  and  decomposing 
the  soap  formed  with  sulphuric  acid. 

(2.)  By  melting  oleic  acid  with  potassic  hydrate. 

Properties, — A  colorless,  odorless,  tasteless  body,  insoluble  in  water. 
It  forms  normal,  and  in  some  cases  (as  with  K  and  Na)  acid  metallic 
Baits  (M'CioHjiOs,  or  M''(CieiH3,05)2.)  It  also  forma  ethereal  solta, 
such  as  glyceryl  palm i tat es  or  palm i tins, 

Margaric  Acid,  C.^H^Oe,  or  Ci6H^,C0(0H).  3Iolecular  weigkt, 
268. 

Hiiftortf,  —  This   was   originally   supposed   to  be   a   disHnct 
obtained  by  the  saponitication    of  natural   fats.     It  is  now  proi 
however,  that  what  was  originally  called  margaric  acid,  is  simply 
mixture  of  stearic  with  palmitic  or  other  acids. 

Preparation, — By  the   action   of  a  a  alcoholic  solution  of  pol 
hydrate  on  cetyl  cyanidoj  and  decomposing  the  resulting  potiisaii 
salt  with  dilute  hydrochloric  acid. 

Stearic  Acid,  C^,n.^Oo=C,7H55CO(OH).     Molecular  weight,  2S'I. 

Aatural  Jlintortf, — A  constitueut  of  solid  animal  fats,  such  as  auel 
It  always  occurs  in  cod  junction  with  palmitic  acid.  It  is  also  fottO" 
in  certain  vegetable  fats,  such  as  the  fat  of  cacao  beans,  the  berrisfl 
the  cooculas  Indkus,  etc.    It  al^a^a  occurs  in  nature  as  a  glyceride. 

J^reparativti, — Tho  lai  Va  laxtit  «ia\yoii\^«i^  m^  \).u  viik^^tid  tboflj 
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decomposed  by  heating  with  dilute  sulphuric  acid.  The  &ee  acid  is 
then  ^solved  in  alcohol  and  crystallized.  It  may  be  separated  from 
palmitic  acid  as  an  insoluble  magnesic  stearate. 

Properties. ^-k.  white  crystalline  body,  melting  at  156-6°  F.  (69-2°  0.). 
It  distils  unchanged.  It  forms  ethereal  salts,  and  also  metallic  salts 
called  stearates,  most  of  which  are  insoluble. 

See  Stjpplbmentary  Chapter  for  Fats,  Oils,  etc. 


La.ctic  Series. 
Series  L  {a.y-Formula  aH2„(0H)C0(0H). 

The  acids  of  this  series  are  monobasic  dihydric  acids.  They  are 
deriyatiTes  of  the  acetic  acid  series,  one  of  the  hydrogens  being 
Bubetiiated  by  one  semi-molecule  of  hydroxyl.     Thus — 

C.H^  +  iCO(OH)  -  C„H2n(0H)C0(0H). 

Acid  of  acetic  series  —  Acid  of  lactic  series. 

Varieties. — (Each  variety  includes  both  normal  and  iso- acids.) 

1.  Primary  acids  {  ^q^^''  ^^"'^^ 

2.  Secondary  acids  j  caOH^"*"*^''^^ 

3.  Primary  olefins  acids    CnH^n  |  qq  Oil 

4.  Secondary  define  acids  CJI^^  {  caoff  "■  *^"'^^ 

5.  Tertiary  olefins  acids    C^Hg^  {  ^q"^^  *  '^*°^^ 
The  following  acids  belong  to  the  lactic  series : — 


NAME. 


I'^nloiiie  acid        ..        .. 
flyeoUieadd 
laetieadd 
^batjiic  acid 
^utylactic  acid) 
I  ^)xjnlerie  acid 

(Yalero-lactic  acid) 
neadd.. 
yOivdio-ozalic  acid 
tfijiozalie  add  . . 


p 


Formula. 


I 


CO(OH)-  =CH„0. 

CH-(OII)CO(OH)  =CaH,0, 
C,n,(OH)CO(OU)  sCjIIgOj 

c,ii6(OH)co(oii)  =c,n,o, 
c,n,(on)co(OH)  =c,n,oO, 
c,H,o(on)co(on)=c,H„o, 

C„H„(OH)CO(OH)==C,^^,0^  \   •L\^ 


Mole- 
cular 
Wt. 


62 

76 

90 

114 

128 

132 
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General  Preparation  of  the  Normal  Acids  of  the  Lactic  Series, 

(L)  From  the  giff cols  {i.e. .^  a  dthydric  alcohol,  such  as  C2H4(H0)e 
(glycol)).     By  oxidation  with  nitric  acid,  platinum  blaek,  etc, 

CH,(On).CH,(OH)   +     0.     =.  CH,(OIT)CO(OH)   +   H,0. 
Glycol  H-  Oiygea  =s  GlyeoUic  mM         -f    Water. 

(2.)  From  the  monochhrinated  or  monohrominated  acids  of  the  acetic 
series*     By  the  action  of  argentic  hydrate, 

C,H4C1C0(0H)     H-     AgllO     =     C,n4(01I)C0(0H)  +  AgCI 

Chloropropiooic  acid      -|-     Argeotic      ^  Lftotic  acid  -f  Argttide 

hjdrate  chlotid». 

(d.)  From  the  amdated  derivativu  of  the  acids  of  the  acetic  series,    fij 

the  action  of  uitrous  aeid. 

CII,{NlL)CO(On)  +  ONOj  ^  CH/OII)C0(0II)  +  HaO  +  N«, 

Amidoacetic  acid        H-  Nitrous  =  GlycoUic  at^id         -f-  Water  +  Nitro- 

acid  geo. 

(4,)  From  the  ketones  and  aldehjfUs  of  the  aeetic  series.  By  first 
digesting'  these  bodies  with  hydrocyanic  acid,  and  acting  on  the 
resulting  cyanides  with  dilute  bydrocliloric  acid. 

The  aeidft  ma  if  be  prepared  m  potassic  mitSj 

(6.)  By  the  action  of  a  solution  of  potassic  hydrate  on  the  cyanide 
or  on  the  acid  ehlorides  of  the  monocliiorinated  acids  of  the  aosti 
series, 

Thei/  maf/  he  prepared  as  eih^lic  salts  of  the  secondary  adds^ 

(6»)  By  the  action  of  the  zincorgano-metallic  compounds  on  ethjli 
oxalate  and  the  subsequent  addition  of  water. 

Ethylitj  oxttkte+Zinc  compound. 

Secondary  acid. 

Properties  {General), — All  the  acids  of  this  series  furnish  metdl^ 
salts  by  their  action  on  metallic  carbonates ;  ethereal  ealtif,  by  thei 
action  on  alcohols;  atid  chlorides,  by  their  action  on  phosphori 
chloride  J  adds  of  the  acetic  series^  by  their  action  on  hydriodio  acid  j 
and  either  anhydrides  or  acids  of  the  acrylic  series,  by  the  action  ' 
heat 

Carbonic  Aoid;  CO(OH)jj  =^  IlgCO^.  The  constitution  of 
aeid  allies  it  to  the  lactic  series,  but  unlike  the  other  acids  of 
series  it  is  dibasic. 
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^  Wo  need  only  note  here  that  it  forma:— 

f  (a.)  Ethereal    Salt&^  such  as,  ejj.^  ethylic  carbonate    (C^Il5)^C0^. 
!rTiis  is  prepared  by  the  action  of  argentic  carbonate  on  ethylic  iodide 
(Ag^COa+iiCgHJ^SAgl   4-   (C^Ha)^CO,).       Ethylic  carbonate   is  a 
colorlesa  liquid,  boiling  at  25 7^ F.  (125°  C),     Derivatives  of  this  ether 
are    known   where  the  oxygen  \b  whoUy  or  partially    replaced  by 
_fiulphur,  as,  e.g., 

EihfUc  mftnom Iph^carhonic  acid        . .  -         ...     ( C^H^) H . COgS.  I 

Ethylk  disuiphocarbome  acid  (xanthie  acid)         (0^115)110082.  I 

Ethi/iic  trimlphocarboiiic  acid  ...  ...      ( O^I  I5) H O83, 

[(^,)  Amidof^en  Derivatives,  as,  €,g.,  carbamie  acid  CO(NlL,}(On)i  and 
mde  (or  urea)  OOCNHa)^  from  which  latter  body  many  compound 
tireta  may  be  formed  by  the  introduction  of  hydrocarbon  t^oups  in  the 
^dace  of  hydrogen.  When  the  oxygen,  moreover,  is  replaced  by 
sulphur,  Fulpho-carhamide  or  sulpho-nrea  {08(^}lo)2)  is  formed. 

GlyCOllic  Acid  (mono-oxy^acetic  acid)  (011^(011  )C0{ OH )  =  CJI^O^). 
MoUt'uiiW  weight,    76,     Melts  at  176°  F.  (80*^  C).     Boil^  at  212^  F. 

fj^reparation, — (h)  By    the   general    processes    already    deBcribed 
56  606). 
(2.)  By  the  action  of  nascent  hydrogen  on  oxalic  acid,  1 

■  C0(0H)C0(0H)     +      2112      =     C1L(0H)C0(01I)     -t     II^O. 

^B  Oxalic  acid  +  Hydrogen  ^  GlyouUic  acid  +     Water. 

■uProptfrfwff. — These  vary  Bomewhat  according  to  its  preparation.  It 
%  a  white  crystalline  solid,  soluble  in  writer,  in  alcohol,  and  in  ether. 
It  is  decomposed  by  a  heat  of  302^'  F.  (150'^  C).  It  yields  oxalic  acid 
by  oxidation,  and  paramalic  acid  by  dehydration. 

Lactic  Acid  ;  C,H,(0H)00(On)  =  O^p,.     There  are   at  least 
two,  and  possibly  more  modifications  of  thie  acid, 

(a.)  Ordinary  lactic  acid  (Cn^.C!  1(011)00(011) ).  This  acid  is  pro- 
^aced  (1)  by  the  lactic  acid  fermentation;  (2)  by  the  oxidation  of 
^^Bopena  glycol;  (3)  by  the  action  of  argentic  hydrate  on  chloro- 
Bropionic  acid ;  (4)  by  the  action  of  nascent  hydrogen  on  pyruvic 
Bcid ;  and  (5)  by  the  action  of  hydrocyanic  acid  on  acetic  aldehyde, 
Bfid  the  eubsequent  digestion  of  the  cyanide  formed  with  hydrochloric 
■cid. 

■  0^.)  ParalacHc  or  ethylme  tactic  acid  (Cll2(0n)CII«.C0(0n).  This  is 
^p^epared  by  decom loosing  paralactyl  chloride  (formed  by  com- 
B^imng  ethene  with  carbonyl  chloridt?)  with  an  alkali.  It  may  also 
Bk  obtained  from  the  gastric  juice,  from  the  saliva  of  diabetic  patients, 
^wom  various  secrelioDa^  and  also  from  muscle,  by  the  action  of  cold 
I    ^ater  or  of  dilute  alLohoL 

I  PfopertieB. — Lactic  acid  has  never  been  obtained  in  the  solid  state, 
I  kut  its  solution  may  be  concentrated  until  it  becomes  a  thick,  lyAot- 
L  les3,  syrupy   hgnid^  having  a  specific  gravity  of  1'2\5,    \l  la'v^rj 
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acid  and  very  soluble  in  water,  alcohol,  and  ether.  By  the  actinf 
of  a  continuDTis  beat  npon  it,  tactide^  or  hictk  anhifdrich  (CjII^Od)  is 
formed.  This  body  is  a  white  crystalline  substance,  melting  at  256*1* 
P.  (124-5'^  Co*  combining  with  water  to  form  lactic  acid^  and  with. 
ammonia  to  form  lactamkie  (CJl4{0H)C0(NHc) ). 

Heated  with  dilute  smlphnric  ae-id^  lactic  acid  forms  aldehyde  and 
formic  acid ;  heatod  with  hydriodk  acid,  it  is  reduced  to  propionic  acid 
(OJIfA  -I-  2HI  =  O^jHfiOg  +  IlnO  -h  I«):  by  oxidation,  it  yields  atretic 
acid,  formic  acid,  and  carbonic  anhydride;  by  the  action  of 
phosphoric  chloride^  it  forme  cbJoro -propionic  chloride  (CJJH4CICOQ). 
All  the  lactates  are  soluble. 

Lactic  acid  may  be  known  from  glycoHtc  acid  by  its  yielding  no 
precipitate  with  plumbic  acetate, 

Fatalactic  arid  by  oxidation  yields  malonic  acid.  Varieties  of  tliii 
acid  are  said  to  have  different  actions  on  a  polarised  beam  of  light. 


Pyruvic  Series. 

SEKiEa  I.  ((^.)—Foimtda  CJl^^^fi, €0(011). 

The  acids  of  this  series  ate  monobasic  and  dihydric.  They  may  1 
regarded  as  derivatives  of  the  lactic  acid  series  by  the  abstraction  i 
II,.    Thus— 


CJTo,(OH)CO(OH)j 
Acid  of  lactic  acriea  ; 


c,Hs^,o.co(on). 

Acid  of  pyruvic  series. 


It  includes — 


Mole- 

Kamii. 

Formulfl. 

cular 
Wt. 

Bemarks. 

Glyoxalic  acid     » , 

C.H,n, 

74 

Pjmvic  acid        . .     . . 

C,H.O, 

88 

A  liquid  prepared  by  the  dry  diitillftti 

(F)Tt»racomio  acid) 

of  UrUric,  glvcoric  or  raceuiic  Ml 
Boila  lit  329^' F,   (I6u^   a%    W 
Boditim  amiUgam  or  with  EI  [i.  *. 
niMoent  bjdrogen)  it  forme  looiic  td 

Epihydric  Rcid     » ♦ 

f^,n«f>. 

102 

Atotopropioiiic  acid     , . 

(•ju\ 

111] 

ConvolTuUnoleio  acid. . 

cj^Jh 

228 

By  the  action  of  acidj  or  alkaliei  1 
certain  glyceridea   contained  in  ll 
tubers  of  the  jalap  and  the  co&f( 
vuhis  orizabenais. 

Jalfipinoieic  acid.,     .. 

C„H„0, 

270 

Bioinoldc  acid     . .      . , 

C..H„0. 

29S 

The  glyceridc  of  tbis  acid  i»  the  iM 
constituent   of   castor  oil.     It  k 
yellow  inodorous  oil,  becoming  «l 

^ 

\ 

[       at  Hr  F.  (<)■'  a), 
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Glyoxylic  Series. 

SsBixs  L  (7.)— Forrow/a  CaH2^,(0H),C0.0H. 

The  acids  of  this  series  are  monobasic  and  trihjdric.    Thej  are 
deriTatiTes  of  triatomic  alcohols.    Thus — 


C^HeO, 
Gljoerin 


C,H604. 

Glyceric  acid. 


It  indndes-^ 


Foimiila. 


Mole- 
cular 
Wt. 


Bemarks. 


OlTozylifl 


llyoxjlie  MM 
(DiorTaoetieaeid} 


CH(OH),CO(OH)=C^,0, 


92 


ffimrieaoid^ 
.  iIKozypropionio 


CH,(OH).CH(OH).CO(OH) 
=036,04 


106 


Prepared  by  the  oxidation  of 
glycol  and  of  alcohol,  and  ' 
by  the  action  of  nascent  hy- 
drogen on  oxalic  acid.  A 
oobrless  syrup;  distils  at 
212''  P.  (100^  C.)  without 
change.  Dissolves  sine  with- 
out the  evolution  of  hy- 
drogen. 

Piepared  by  the  action  of  nitric 
acid  on  glycerine,  and  hj  the 
s^taneous  decomposition  of 
nitro-elycerin.  A  thick  s;^- 
rup,  forming  iodopropionio 
acid  (0,H5l03),when  the  pro- 
duct formed  with  phosphorus 
iodide  iM  treated  with  water. 


Acrylic  Series. 
Series  U.— Formula  0„H2n-iC0(0H). 

The  aoiylic  series  of  adds  are  mostly  oily  liquids,  the  primary 
eidfl  ^«fci«g  as  glycerides  in  natural  fats  and  oils.  They  are  mono- 
[iMwkv  tl^t  is  their  salts  are  formed  by  the  substitution  of  one  equi- 
l^ndeot  of  a  metal  for  one  of  hydrogen.  Fused  with  potassic  hydrate, 
^fliqr  eliminate  hydrogen  and  form  potassic  acetate  and  a  potassic  salt 
idt  aooiher  add — 

CUHmOs    +     2KH0    =    CjHjKOj     +     0,(5H3,K02     +     H^. 

(Mo  add      +     Potassic     =       Potassic        +  Potassic         +  Hydro- 

hydrate  acetate  pabnitate  gen. 

Hiseent  hydrogen  converts  them  into  the  acids   of  the  acetic 


iiMlaJfls:— 


B  R 
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Name. 


Acrylic  acid 


Crotomc  add. 


AngeHc  icid  . . 


PjToterebio  acid 

Damaludo  ncid 
D&molic  arid.. 

Horingic  (tctd 

Cimicic  acid  . . 
Physetoluic  acid 

Hjpogajie  acid 

Gaidic  acid    » * 

Oleic  acid      . , 


Middle  acid  , . 

BoegUc  acid  .  ♦  . , 
Bmmo  aeid  • .  * , 
Brttfiio  add    . .     , , 

Methacrylio  add  . , 


Methylcrotonic  fvoid 
Ethyfrrotonic    aeid 


Formtila* 


C^3C0(0H) 


C,H.CO(OH) 


C,H,Cn(OH) 


c.n^cocon) 
an  0,      \ 


C»5H^0, 


C,H,CO(0H) 


Eemarka 


Frepar€aim.^-'Bj  the  oxidation  of  acToleia 
C,B^O.  A  colodetfl  liquid  freezing  &t 
44*(i*  F.  (7*  C),  and  boQing  at  'IW  F. 
(140*  C).  By  the  actfon  of  na=  -  '-'-  - 
gen,  It    ia   conTdrti^d   into    p 

rC^HgOa)^  and  by  the  action  of  L:_ 

dihroinopropionic  acid. 

It  waa  supposed  to  be  the  acid  obtidnod  by  the 
eaponiiication  of  croton  oil,  but  Ihw  ii 
doubll'ul.  It  is  prepared  by  the  oxidalicn 
of  crotooic  aldehyde.  It  ia  a  wliitc  rr^- 
talline  body  melting  at  161 -6'  F,  (7: 
and  boiling  at  357'8*  F.  (181'  C.),evLivi-^ 
hydrogen  when  heatod  with  pota^ic  hydnJ«^ 

Found  in  angelica  or  Eumbul  root,  and  aL^ 
prepared  by  heating  oil  of  camomile  (as- 
gelic  aldohyde)  with  potaaaie  hydtaie.  A 
crj'stallino  «)lid,  melting  at  113"  F.  (4^' 
C),  and  t^oiling  at  374''  f .  (190°  C.)* 

A  liquid  boiling  at  410°  F.  (210^  C.)  pnjp««d 
by  the  dwtiJbtion  of  terebic  acid. 

Acids  existing  in  the  urine  of  cows  Koi 
horses. 

Prefient  in  the  oil  of  ben,  logethor  withsteanfi 
acid,  etc. 

A  yellow  crystaHine  acid  extracted  firom  a  Hoi 
of  bng, 

A  crystAlline  arid  obtained  from  sp&nn  o£L  ft 
melts  at  86*  F.  (30*  C). 

Exists  a«  a  glyceride  in  earth-nuts  with  psf* 
mitic  acid,  etc.  It  melts  at  932^  F.  (34 'C  ) 

Colorless  orystalfl,  melting  at  lOO-i"  F.  (3«H\)» 
prepared  by  the  action  of  nitrons  acid  ob 
bypogiEiic  acid. 

An  acid  present  as  a  glyceride  (olein)  in 
natural  fats  and  non-drving  oils  (*##  ( 
dies).    Crystallizes  in  white  needles,  whid 
melt  at  67*2''  F,  (H'  C).     Specitic  grsuq 
at  66'2*  F.  (19*  C.)  0  898.     Insoluble  " 
water,*   Eoluble  in  alcohol,  ether,  and  i 
sulphuric    acid.      Kitric^  acid  conrerlf  i 
into     acids    of     the    acetic    series, 
nitrouB  acid  convertji  it  into  elaidie  tc'A 
The  solid  acid  ia  oxidkod  slowly,  and  \ 
liquid  acid    rapidly,  by  exposure  to 
Fufted  with  potas^ic  hydrate  it  yields  t 
nod  palmitnie  of  potassium. 
By  the  action  of  nilrous  afid  on  oleic 

A  crystalline  body  melting  at   1H*2*W 
(44"  a). 

An  acid  prepared  from  the  oil  obtained  fi«*j 

the  doegling  or  bottle-nose  whalo. 
An  acid  obtain<»l  from  the  oil  of  a  spocisi  < 

brassica  (colza)* 
An  acid  from  the  oil  of  the  block  mustazd. 

An  acid  isomeric  with  crotonic  acid.    A  CJJ*'*^! 
l«a«  oily  liquid,  prepared  by  the  actiofl  ^\ 
phosphorous  chloride  on   ethylic  dim«di*f 
oxalate.      Fused  with  potash,  it  yields  bf* 
^x^<»i«sAY)\awu&^^-^\onate  and  forai'^  j 
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Sorbic  Series. 

SBRIB8  JIL—Farmuia  0^112^^300(011). 

iiis  includes: — 


Tfame. 

Fonnnla* 

If 

Fusing  Point* 

Occurrence  and 
Preparation, 

-F. 

»a 

^ 

CAC0(OH)=CAOa 

84 

168*8 

76-0 

Prepared  bj  the 
actiott  of  po- 
tasflic  hydrate 
on  eMoro-cro- 
tonic  acid. 

rorbiewid 

c^H^co(on)=c«n^o, 

112 

273*2 

134-0 

Found  In  moun- 
tain oah  berries. 

frolic  acid  .... 

C„H„CO(On)=C,.H«0, 

280 

U8-4 

48-0 

Prepared  bv  the 
action  of  po- 
taasic  hydrate 
on  bromoleic 
add* 

Benzoic  Series* 

Series  lV.--Formula  O^Il2„_7CO(OH)* 

Preparation, — (1.)  By  the  oxidation  of  tlie  corresponding  aldehydes 
ad    alcohols.     Thus   benzoic    acid    may    be   obtained   either  from 
Die  aldehyde  (Cr.IIsCnO).  or  from  benzyUc  alcohol  (OeHaCHsOIT). 
(2.)  By  the  action  of  alkalies  on  the  nitrileB  (abnormal  ojanides). 

+     NH,. 

-|-  Ammonia^ 

(3.)  By  the  action  of  water  on  the  correBponding  acid  chlorides. 
[  (4*)  By  the  action  of  sodium  and  carbonic  anhydride  on  tho  mono 
aated  derivatives  of  the  G^^H^^  series  of  hydrocarbons — 


CftH.ON 

+      KHO      +       H,0      = 

CgHsCOCOK) 

htJltO' 

-1-      PotAsfiio     +    Water     = 

Polassio 

nitrilo 

hydmio 

beuzoate 

C«H»Br    + 

BroTuo-       -f- 
boti4iici9 


Na, 
Sodium 


CO^     =     CgH^COlGNa)  +       NaBn 

-=:        SodiobezLsoate      +  Sodic  bromide* 


+  Carbonic 
anhydride 
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This  series  indades : — 


MdtlngPt 

BoOlflgl^t 

KUDfi. 

FoimoU. 

Mol. 

Wt, 

op. 

«a 

e  F.  ! 

*a 

PboidciicUl  .. 

110-0 

^0 

CoUlntcpdd    „ 

''^r 

lOfl 

arc-e 

BT-O 

BDuenJcftdd.. 

iSOD 

It  Oil 

4&B*0 

33£'« 

Kotn  uid  in  dtlier  fmns. 

tiwihodji.  Also  ciibf  the 
cuddiiioD  of  &  mSxtureoI 

beai^ene  ami  fprm  k  vid ; 
(1)  bf  bflULug:  hlppfliie 

vM ;  (S)  By  tlie  o^ida- 
tlctn   of   cit^jun  draanle 

Beiu{)kAdd  .. 

1 

133 

3KP& 

ItVi 

4^3  ^t 

2»911 

etc.  PropcFlMB.  WttHmj 

hiSil  aad  boUEtkif  witer. 
Citric  artt(  b&^i  m  «ctH« 
upon  It.  With  /vmi»i 
'»j>ie  ireuj  it  foran  4 
^nbftdtaOQU  prodneL 
With  tbe  haloidM  It  il« 
forrni  imlittttatlPTi  ppc^ 
ducta.  Wlih  Pds  ii 
fomu  tHmzoic  chloride, 

fOm\s  hrdrobeiuolc  add 
l,C,H^C6(0li^ 

^    Exifite  in  ibre&  mo^fr 

Taluk  idd     .. 

C^H*(CH,)CO{OH> 

lac 

MTt) 

l?50 

cations;   {].}  Patat^s*^ 

body  with  liintba-  its*- 

Alplutoluk  »dd 

336 

imi 

rsB 

500*0 

agA'O 

Prcpartsd  by  Genn*! 
I  body. 

XjFHeocCd      „ 

C,H,_(CH^),CO(OM)| 

150 

24S^a 

120*0 

£33-4 

aiSD 

'     Eiiiti  In  tiro  ftTf«i 

aa  xyllo    and  [tanKjli^ 
1  adda. 

AlpbAx^lle  Mid 

150 

307^ 

4tO 

GumyUcadd.. 

l&f 

BM-0 

1500 

Cumlc&cW     ,. 

llil 

1976 

SSS-O 

Homocnmie  «c1j1 

Ufl 

135*« 

liJ-O 

Some  of  the  derivatives  of  benzoic  acid  need  further  notice. 

Benzoic  Chloride ;  Benzoyl  chloride  (C7H5OCI). 

Preparation, — By  the  action  of  phosphorus  pentachlorido  on  benzC^^^ 
acid. 

Properties. — ^A  colorless,  pungent  liquid.  Specific  gravity  iiC^  ^ 
Ita  vapor  is  heavy,  andWiii^  -with  a  greenish  flame. 


^Benzoic  Anhydride  or  Oxide  (O14TI10O3)* 

Preparation, — By  the  action  of  benzojl  cMorido  on  potaseic  benzoate 
(C^HAONa)  +  C^HaOCl  =  (C^H^O),©  +  KaCl). 

Properties. — It  forma  oblique  rhombic  prisma,  melting  at  42°  0- 
Benzoic  peroxide  (CiJi„,OJ. 
CMorobenzoic  Acid,  C,n/:iCO(OH). 

Preparaiivn,-^By  the  action  of  potassic  chlorato  and  hydrochloric 
acid  on  benzoic  acid. 
Bromobenzoic  Acid,  Cftii^rCOf OH) . 
PrtparatioyK — Bj  the  action  of  brtimine  on  argentic  benzoate. 
Witrobenzoic  Acid,  C,H,(NO0CO(OH) . 
Pf^tparation, — By  boiling  benzoic  acid  in  fuming  nitric  acid, 
Propertu^, — ^A  crystalline  substance. 

Hippuric  or  Benzamidacetic  Acid  (CyiiyKO^i). 

j^aturat  HiHorf/, — -Hippuric  acid  occurs  aa  a  potassium  and  sodium 
■alt  in  the  urine  of  horses,  cows,  etc,  and  also  in  human  urinep 
more  eepeciaUy  after  the  administration  of  benzoic  acid. 

la  preparing  the  acid  from  urine  it  is  necessary  that  it  should  be 
fresh,  otherwise  it  ovolvoa  aramoma,  benzoic  acid  being  formed  by  the 
action  of  boat  on  tho  hippuric  acid. 

Preparation. — By  the  action  of  the  zinc  salt  of  amidaceldo  acid  on 
benzoic  chloride. 

Properties, — The  acid  crystallizes  in  slender  priams.  It  melts  wheu 
heated,  and  at  a  high  temperature  is  decomposed,  forming  benzoic 

r,  benzonitrile^  etc.     It  is  slightly  soluble  in  water  (I  in  400  at 
F-),  and  in  hot  alcohol. 
Its  reaction  is  acid.     With  hot  sulphuric  acid,  it  yields  benzoic 
acid ;  with  hot  hydrochloric  acid,  amidacetic  acid  and  benzoic  acid ; 
With  nitric  acid,  benzoglycoUic  acid  with  the  evolution  of  nitrogen. 
It  ia  monobasic,  and  forms  salts  callod  hippurates. 


Oxybenzoic  or  Salicylic  Series 
Bebibs  IV*  (a.)^Formuta  0^H2„_ti(0H)C0(0lI), 


adds  of  this  scries  are  monobasic  and  dihydric.    They  are 
At^  to  benzoic  acid  in  tho  same  manner  as  the  lactic  series  ia 
|»Uted  to  the  acetic  aeries. 
It  includes — 
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Niuoe. 


Salicylic  icid  (orthoiy- 
beuzoic  acid)     . . 


OxybenzoicAcid  (metoxy- 
benzoic  &cid)     , . 


Paraoxy'bfinr.oic  acid   . « 


Anisic  add 


Cre&ottc  acid  (carbocrwy- 
lic  acid)    «•     ., 


Oxymeihylbenioic   acid 

Mandelic    acid    (formi>- 
benzoic) 

Phloretic  acid 
HydrocouBaaric  acid     , « 
Ilydroparacoumaric  acid 

PLenyllactio  acid  * ,     . . 

Thymyl carbonic  acid  or 
tiymotic  acid    .  ♦ 


Fonniila. 


C,H,(OH)CO(OH) 


do. 


do. 


C4H1O, 


^^^*  \  co(oe) 

(  CO(OH) 


Prepaiation  and  Praperties. 


fpr$par9tvm, — (1.)  By  pawing  CO. 

into  phenol  containini?  Bmall 
pieces  of  sodiam.  (2.)  By  melt- 
ing aalicin  or  ooumaric  acid  iritb 
potaaeic  hydrate  (C-H^O^-f-KHO 
s^,H,KO,+H,).  (3,)  Bydii- 
tilHng  oil  of  winlergreen  with 
potash.  Fropertut, — A  crystal- 
line body,  mdtiiig  at  368-(r^  F. 
(187°  CX  daoompoud  at  428'  R 
(220^  C.)»  eyolving  phenol.  Dif- 
eoIvoB  in  cold  water  (1  in  l^OO0|. 
With  PClj  it  forma  chlorob«o- 
zoic  chloride.  Its  solution  gif« 
a  violet  color  to  ferric  salts. 
"  Treparation. — By  the  action  of 
nitrons  acid  on  amido  b6iu!<yio 
acid.  Fropwiin, — A  cryitallifM 
body,  meltiiif  at  890-2°  P. 
(199^  C).  Requires  a  high 
tempprnture  to  decompoie  it 
It  gives  no  violet  <io1ar  with 
fenic  salta. 

iPreparod  by  heating  anisic  tM 
with  HI.  Soluble  in  water  (I 
in  126  at  60=^  F.)  MelU  at  410*  P. 
(210'^  C.)  With  ferric  salta  pm 
a  yellow  precipitate. 
Prepared  by  oxidizing  anisic  iUp- 
hyde  {Qfifl^  or  crude  oil  of 
aniaaeo.  Colorlest  oryitilSi 
meMnff  at  347"*  F.  {175°  C). 
Boltible  in  alcohol,  ether,  iod 
hot  water. 
f  Prepared  by  the  action  of  COj  1 
Na  on  cresol  (C,H,0).  Oti 
eretotu  acid  melts  at  2372* F| 
(114°C.)  ;  par&eraotie  add  1 
298-4°  F.  (148°  C,),  Md 
cresoiic  (Ktd&t  338'' F.  (I7<f  C')J 
They  all  produce  a  d^cp  1  " 
color  with  ferrie  chloride. 


P^f«pared  by  the  action  of  HO* 
hitter  almond  oil. 

,  Melts  at  264-2°  F.  (129^  C).  Prt 
pared  by  the  action  of  ^ 
on  phlorctin.  PhlorHie  aridpf^ 
a  ffre^n  color  with  fe^^^ 
ride,  whilst  isophhrtiio  ^iil 

'     no  action* 


Prepnration.  —  By  the  actiaa  < 
rO  and  Ka  on  thymol.    It  m*Hi 
at  248"  F.  (120^^r,),  and 
a  blue  color  with  ferric  < 
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Dioxybenzdc  Series. 
Skbies  IV.  (Ji.)—jFbrmula  0„H2^(0H)20O(0H). 

3  are  monobasic  acids,  and  include — 


Names. 

Formula. 

Preparatioii  and  Ptopertiet. 

ihuic  acid 

Prepared  by  melting  potash  either 

hydroquiuonic 

with  piperic  or  quinic  acid,  or 
with  kino,  catechu,  etc.     When 

add. 

the  acid  is  heated,  it  yields  CO, 

and  pyrocatechin. 

(ylic  acid 

C«H,(0H)3C0(0H) 

By  the  action  of  potash  on  iodo- 
salioylio  acid.  It  melts  at 
379-4°  F.  (ISa**  C),  and  is  de- 

composed at  418-6°-  F.  (212°  C-}, 
yielding  anthrachrysone.  It  is 
soluble  in  water,  alcohol,  and 
ether.  It  strikes  a  deep  bhie 
with  f  enio  chloride. 

izoic  acid 

C,H,(S0,H)3C0(0H) 

Gallic  Series. 

Sekibs  IV.  {y.)^Formula  GJJ^^_,o{OU):,CO{OR). 

C  Acid   {TnoxyhtMoic  add)   C6H2(OH)3CO(OH)  =  C7H6O5. 

ir  weight,  170. 

-a/  History, — It  is  found  in  gall  nuts,  acorns,  hellebore  root, 

[id  green  tea,  etc. 

\ration, — ^By  the  action  of  argentic  hydrate  on  di-iodo-salicylio 

^iea, — (a.)  Physical.  A  white  crystalline  body  (C7H6O5.OHJ1) 
a  powerful  astringent  taste.  At  419°  F.  (215°  C.)  it  is  decom- 
Qto  COj  and  pyrogallic  acid  (CgHgOa),  whilst  by  a  heat  of 
^  (249°  0.)  it  is  resolved  into  carbonic  anhydride,  water  and 
IHc  acid  (CeH^Oj).  It  is  soluble  in  water  (1  in  100  at  60°  R, 
i3at  212°  F.). 

Chemical, — ^The  solution  has  an  acid  reaction  and  rapidly 
OSes.  It  does  not  precipitate  gelatine.  It  forms  a  black 
;ate  with  iron  salts,  the  color  disappearing  by  heat  in  the  case 
c  salts,  but  not  in  the  case  of  ferrous  salts.  It  is  readily 
d,  and  hence  rapidly  reduces  gold  and  silver  salts.  When 
with  a  solution  of  arsenic  acid,  tannic  acid  is  formed. 

(For  the  Tanninb  see  /Supplementaky  CHixrmu^ 
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Ciunamic  Series* 
Sbbi£S  ^.—Formula  O^H^-gOOCOH). 

TliiB  series  is  monobasio.  Th&  ciimamio  series  ia  related  to  tli<» 
benzoio  series  in  a  aimilar  manner  as  the  acrylic  is  related  to  the 
acetic  series  of  acids.     Thus  v — 

C,H^  ^  ,00(OH)         _        C^H5,,,C0{0H)  ; 
Acetic  —  Acrylic. 

C.H^CO(OH) 
Benzoic 

It  includes — 


-  C„H^CO(OH) 

—  Ci 


Adda. 


Cumamic 


Atropio 
Isatropic 


FOTDnik. 


•Si 


C,II,CO(DH) 


ditto 
ditto 


148 


U8 
148 


Meldng  Point 


24S'0 


222-8 
392-Q 


1200 


106-0 
200-0 


F)rcparfitisn^4 — (1.)  By  hoating  lifiBsi 
aldehyde  witli  acetic  chloride  (C,^ 
4-  C AO9  =  HCl  +  Cj,U,0^.  (2!jl 
the  oxidation  of  cimiamon  oil.  h  I 
present  ready  fonaed  in  the  balMSif^ 
Pern  and  Tolu.  Fmperiie», — ^A  crysti 
line  hody,  hoOing  at  669-4  **  F.  (293*C^ 
Soluble  in  alcohol,  not  venr  loluble  i 
water.  With  nitric  or  with  ch^mk  mi 
it  forms  benzoic  acid  and  benxcic  a)d»'  | 
hyde.  With  naaemi  hydrogm  (n 
and  Bodimn  amalgam),  or  heated  ^ 
hydriodie  add,  it  forma  hyd 
acid  (Cs^H.^^Oj).  Fuaed  with 
hydrate  it  forms  potauio  bensoata  i 
acetate.  By  heat  it  foima  CC^  i 
cinuani^ie  (C^^. 
FonniM:ltogellLCtrwith  tropine  (CgS 

fjfom  atropine,  by  the  action  oti 


SEMES  V.  (a.)— Formula  O^HE^-nCOCOH). 

This  includes  phenyl-propiolic  acid,  C(5H5C2CO(OH),  a  OTysti 
acid  melting  at  27*i'S°F.  (136''C.).     It  15  prepared  by  the  action* 
potaeaic  hydrate  on  bromocinnamic  acid,  and  is  converted  by  : 
hydrogen  into  hydrocinnamic  acid. 


Kaphtoic  Series, 

SERtES  Yl—Fonntda  O^Hs^^ijCOCOII). 

This  series  includeB  two  iftom^ric  acids,  viz.,  a-naphtoio  acid,  J 
/J-naphtoic  acid.    1\\o  iorm^x  m^W^  laX  'i^'iif^^.  v>^^^  ^^.  *ad 
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at  359'6°  F,  (182°  C.)*  By  the  action  of  sodium  and  carbonic 
anhydride  on  a-  and  ;3-naphtoi,  tho  two  ieomerio  acids  a-  and  ^acy- 
naphtoic  acids  are  formed* 


W 


SEniE3  TI.  {a,)—Fonnuia  C^H^tt-igCOCOH). 

This  indudcfl  anthracme  carboxt^ltc  acidt  0i4lTgC0{0n),  a  solid  body, 
melting  at  402-8^  F.  (206*^  U).  It  is  prepared  by  beating  anthracene 
.with  carbonic  oxy chloride.    When  heated  it  yields  anthracene  and 

Tbonic  anhydride. 


B^-DIBASIC  ACIDS. 

That  is  acids  containing  two  semi-moleculeB  of  carboxyl  (COOH). 


Succinic  Series. 

Series  I.— Formula  0^W^{G001I)^. 

Preparatitm  (generaX), — (1.)  By  the  oxidation  of  many  fatty  organic 
lies,  ench  as  suet,  etc.,  with  nitric  acid. 

Butjiio  add       -|-      Oxygea      ^  Water         +        Succinic  acid, 

(2,)  By  the  oxidation  of  the  primary  glycols. 

Glycol  -\-  Oxygen   =      Water      +        Oxalic  acid, 

(3,)  By  the  action  of  potaasic  hydrate  or  hydrochloric  acid  on  the 
le  nitriles  (cyanides)  of  the  dyad  radicals. 

(4,)  By  the  action  of  sodium  or  silver  on  the  iodo-derivatives  of  the 
Stic  acid  series.     Thus  : — 

2CJMC0(0H)  +  Ag,  -  Cg^H^COOH),  +  2AgI. 

^criicH  {general), — These  dibasic  acids  are  all  crystalline  solids, 
Qg  by  heat  either  the  anhydride  and  water,  or  carbonic  anhy- 
I  and  an  acid  of  the  acetic  series, 

liua  it  will  be  noted  that  the  acids  of  the  succinic  series  are  related 
lie  gltfcoh,  as  seen  hj  the  second  method  of  preparation  described 
ve ;  to  the  dyad  rudicah^  as  seen  by  the  third  method,  and  by  the 
ihrther  fact  that  in  some  cases  they  yield  the  hydride  of  the  radical, 
Irhen  heated  with  an  excess  of  caustic  baryta;  and  also  to  the  acids  of 
\'ltii£tiic  scries  J  as  seen  by  the  fourth  method  of  preparation ,  ^biialtoxi- 
I  tfinely,  in  some  cases,  the  succinic  series  may  be  conYer\*e^  Vijto  ^^ 
cetic^  b/  the  abstraction  of  carbonic  anhydride. 
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TMb  fleries  mcludea — 


1^ 

M»ltm«Ft. 

BolUUff  PL 

1 

Nftmei. 

FonatilA, 

BeniArkiL             ■ 

»F. 

«C. 

•F. 

»C. 

1 

Oxftlte  „    ,. 

(COOR), 

chJoooii);. 

90 

8m  below. 

MAloak,.    .. 

104 

5»4'0 

140 

yre]iiirc<l  by  Uie  oxldAtioii  at  milis 

•eid  and  of  propene  f^tjool.  Tit- 

Oompoied  lit  m2'  F,  {IW  C.l 

Borclnic 

IW 

JMi»50 

TAO 

4U 

m 

See  pajp^  620. 

PyroUrtirifl 

US 

aasfi 

113 

FrepiiKd  hy  bestltiff  tartule  aoil 

It  ToUitlliiei  mt  «»«•  F.  (WO*  C  J 

Adlple  ,.     ., 

C^H.(COOH), 

146     2S4  0 

140 

> 

B7  c^e  oxidntion  of  fkti  with  muW 

Plmftlic 

J  Of)     273  2 

IM 

f 

«dd. 

aub«rie       . 

CeH;,(C0OH), 

1T4 

a&T'Q 

12.^ 

Prepared  by  ihc  oxfdatfoa  of  enrk 
with  nitric  scttl,  And  bf  tbt 
action  of  nitric  Mid  on  esitilB 
fata.    Tuhihie  and  TolntUa. 

Anobvte     .. 

C»H^»(COOHX 

188 

wo^ 

116 

By  the  actioa  of  nltri«  arid  4« 

(attP««7U«) 

ClilneM  wax,  and  on  iIm  tlOf 
adds  of  eaooa  nttt  oIL 

BeUdo..    .. 

C.H„(OOOH). 

S02 

S60*G 

127 

Ftepared  bv  the  doitnictlTe  dbtfl- 
1atloiiololek*add, 

RoceUic       .. 

C,sH.o(COOII), 

300 

3G9-8 

laa 

Freaent  in  cortaLn  licheoa.  Tolt- 
tilo  at  SS2''  F.  (2(>0'*  C.), 

Oxalic  Acid.— (COOH)g=0«HA;  (crj8tala=02HoO^,2H,,0). 

Natural  Hi^iory, — Oxalic  acid  is  present  in  most  plants^  either  in  a 
free  state,  or  as  a  lime  or  alkaline  oxalate.  It  occurs  very  frequently 
as  a  lime-salt  in  the  urine  (mulberry  calculus).  Its  formation  in  thi» 
latter  case  is  no  doubt  due  to  some  imperfection  in  the  normil 
oxidising^  process  going  on  in  the  body,  the  carbon  and  hydrogen 
not  being  converted,  aa  usual,  into  water  and  carbonic  anhydride. 

Preparation, — (L)  By  the  oxidation  of  organic  compounds,  buA  as 
sawdust,  sugELT,  ©tc,»  either  by  the  action  of  nitric  acid,  or  by  th«r, 
fuBion  with  potasaic  hydratei  whereby  a  potassic  oxalate  is  formed. 

Sugar  +        Oiygen      ^  Oxalio  acid  -h  Water. 

(2.)  By  the  direct  combination  of  an  alkaline  metal  with  carb 
anhydride. 

2C0b        +        Na^        =        Na«Cg04. 
Carbonic  anhydride  -|-       Sodium       =^        So4Ic  oxoktev 

(3,)  By  the  decomposition  of  cyanogen  with  water, 

CjNs         +         4H2O         =        C^n.04         +         SNHjg 
Gyuiageii        +  Water  ^         Oxalic  acid         +        Ammo 

(4.)  By  the  action  of  heat  on  potassic  formate  (2HC0(0K)=E|^ 

(5.)  By  the  oxidation  of  ethylene  glycol  (see  page  617). 

Covimercial  prcparafion  of  oxalic  acid. — A  thick  paste  is  first  prep 
by  mixing  sawdust  withasolution  containing  potassic  hydrate  (1  equi^J 
and  sodic  hydrate  (2  e<juiv.),  the  alkaline  solution  having  a 
gravity  of  1  ^36.  This  paste  is  then  heated  on  iron  plates  at  400° F.  (20 
for  some  hours,  "w^ettA^^  VyObcv^fm  \%  \^:Ha\\eA  iiom  the  deoomp 
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of  the  water  of  tlie  alkaline  hydrates,  whilst  the  oxygen  liberated 
oxidises  the  eawdust.  The  grey  mass  formed  contains  about  one>fotirth 
its  weight  of  oxalic  acid.  This  is  then  treated  with  water,  which  leaves 
the  oxalate  of  soda  undissolved,  owing  to  its  insolubility  in  water.  The 
insoluble  residue,  after  the  action  of  the  water^  is  then  boiled  with 
lime,  and  the  resulting  calcic  oxalate  decompoeed  with  eulphuric  acid. 
The  clear  liquor  containing  the  oxalic  acid  is  then  evaporated  down 
and  crystallised. 

The  sawdust  yields  on  an  average  about  half  its  weight  of  crystal- 
lised  oxalic  acid. 

The  alkalies  are  recovered  from  the  liquid  with  which  the  mass  is 
first  treated  by  evaporating  the  solution  to  dryness,  calcining  the 
residue,  in  order  to  destroy  any  organic  matter  present,  and  after- 
wards decomposing  the  carbonates  with  calcic  hydrate.  The  recovered 
alkalies  may  then  be  used  for  a  new  operation, 

Prifpertieit. — (a*)  Pkyskah  Oxalic  acid  consists  of  colorless  crystals 
(oblique  rhombs).  At  a  heat  of  212°  F.  ( 100''  C.)  the  water  of  crystal- 
lisation is  driven  off;  at  320°  F,  (160°  C.)  the  acid  sublimes,  but  at  a 
temperature  above  this  it  is  decomposed  into  formic  acid  and  carbonic 
mnhydride  (0^11.204 =CH,/^),^-|-C02),  the  formic  acid  being  afterwards 
farther  decomposed  by  beat  into  water  and  carbonic  oxide  ( CH20j.^= 
00-f  HgO).  It  is  soluble  in  water  (I  in  8  at  60'^ F.,  and  1  in  1  at 
212^F.)«  and  also  in  alcohoL  The  acid  is  poisonous.  Ohalk  and 
miignesia  constitute  the  proper  antidotes. 

(a.)  ChemicaL  The  solution  of  oxalic  acid  is  very  acid  to  litmus, 
\huric  acid  converts  it  into  HgOjCO^  and  CO.  Nitric  aotd  acts 
rly  upon  it^  converting  it  into  CO..  Heated  with  alkalm^  it  yields 
rogen  and  an  alkaline  carbonate* 

I  UseB, — In  calico-printing;  in  cl  can  gin  g  brass  and  leather  j  also  as  a 

Ivent  for  Prussian  blue  in  the  manufacture  of  blue  ink. 

forms  salts  called  oxalates,  a  few  of  which  we  note  as  follows : — 


Kuoes. 

Fcmnnlaw 

Solalillltjr  in  w«ter. 

R«in«rfei, 

'F. 

«1*  F. 

^  {  Neuti^l 

3  V  Acid  (blnozdlftte  or 
S{      ttlc  of  iorrer)     . . 
2  1  Bjprractd  or  qaad- 
^  \        rOKAlAtO       ..      *. 
4fo«uUte       .,      ..     .. 
^  ,  Neutriil 

S  (  Acl<l(bliiozA]at«)  .. 

C.K,0,3aq 

C,HK0^2»q 

C,KKO,AB*0,,iiiq 

C,(NHJ,0*2aq 

1  tnS 
not  very 

liufi 

tDfti>lub]e 
very 

TieldA  hj  but  ox&mld*  \ 

ric  anhydride  It  fortna 
ejr  Imogen. 
Tleldf  ojuniic  acid    by 
heat 

leieax«rA£a      ..     ..     ., 
lTi«  exAUte     

C,Fe'0. 

insolinble 
Liiafiliiblo 
Tcry  aolu- 

1 

oialtc  ftcid      ,     . .     . '  J 

rc.H,).c.o, 

(C,H,}C,HO^ 

Sp.Or.  Vm,     BotU  tJt 

\ 
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All  the  oxftlatoa  are  deoompoflod  by  heal  Tho  Aftaline 
earthy  oxaktesi  if  not  too  strongly  heated,  evolve  C0>  nuS" 
carbonatoe  of  the  metals,  wHUt  the  oitalates  of  other  metals 
jnotallio  oxides.  With  stdphuric  acid  the  oxalatea  break  up  mt 
and  CO2,  leaying  a  roBiduo  of  sulphate,  which  residue,  however, 
not  blacken  by  the  actiun  of  the  acid,  inaamuch  aa  no  aepamti 
carbon  takes  place* 

Succinic  Acid*— C«H,(C00H),^C,He04.  [Mcl^iar  umgk, 
Difics  at  356^  F,  (180"  C).     I^oiU  ai  455^  F.  (2J5  ^.),] 

Natufdl  Ilistort/, — It  is  found  in  amber,  in  some  Ugniteey  and 
eionally  in  animal  and  vegetable  substances. 

Preparation. — (1-)  By  the  action  of  potasaic  hydrate  on  dtbi 
cyanido^ 

CfiH/CN).     +    4H,0  =     2NH^ 
EUijlene  cy&nide    -f     Water    =    AmmomA 

(2.)  By  the  oxidation  of  butyric  acid — 

Eutjiio  acid    +    Oxygen    ^    Water    -|* 

(3.)  By  the  action  on  malic  acid,  either  of  (a)  nascent 
or  (/3)  fermentation  {see  p.  489),  or  (7)  hydriodic  add. 

(a.)      C4H5O5  +   H^  =  H,0  +   €40^-04* 

(y.)       C4Hfi05  +  2HI  =  H^O  +  I^  +  C^<j04- 

Propertus, — Colorless  crystals  (oblique  rhombs).  It  meltaH 
(180^  0.),  and  boils  at  455^  F.  (235*^  C),  water  and  succiE 
dride  {Q^Ufi^   being  formed.      [Im*9ucc%mc  a&id  melta  atj 
(130^00,  and  boils  at  302°  F.  (ISO^COi  forming  00«  and 
acid  (C.HgO,).] 

It  is  soluble  in  water  (1  in  5  at  60^  F.,  1  in  3  at  212°F*)^I 
nascent  oxygen  it  yields  ethylene,  COg,  and  H^O ;   (C^t 
C2H4+200g+Lr50).     Nitric  and  hydrochloric  acids  have  n4 
upon  it.     Distilled  with  II^SOi  and  MnOg^,  it  jrields  acotio  acid 

Distinctive  Readioii^  of  Succinic  Acid, — Succinic  ac^  (aa  a  1 
gives  a  red-brown  precipitate  with  ferric  chlodda     J^sucdmci 
gives  none. 

Succinic  acid  is  not  precipitated  from  its  salts  by  the  mineral  ^ 
It  gives  a  white  precipitate  with  BaCl^,  on  the  addition  of  an  iJwlwl 
solution  of  ammonia*  Benzoic  acid  is  precipitated  from  tta  salts  tij^ 
mineral  acids.    It  gives  no  precipitate  with  BaCl^. 


I 

hydioj 

4 

ta  stOT 


Malic  Series. 

SKSms  I.  (a.)— Formula  CaHto.,(0H)(C0.0n)8. 
Those  acida  aie  tn!b,^di\t  imc^  ^^^isi^i . — 
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9'aicbs. 


lie  ..     . 
malonic). 


succinic). 


alic. 
ic    .. 


pic  .. 
•eric 


Fonnula. 


CH(OH)(COOH), 


CjEaCOHVCOOH), 


C3H,(0H)(C00Hk 
CX(0H)(C00H), 

C,H-(OH)(COOH), 
C,H„(OH)(COOH), 


Bemarks. 


Jhreparation. — By  the  spontaneoua  decom- 
pcMition  of  nitro  tartaric  acid. 

'  Malic  acid  is  widely  distributed  in  plants  as 
in  the  juices  of  apples,  pears,  etc.  (with 
citric  acid),  or  of  rhuharh  (with  acid 
potassic  oxalate),  or  in  the  hemes  of  Uie 
mountain  ash,  or  in  tobacco  leaves  (as 
bimalato  of  lime).  Frepar<Uion,^\.) 
From  the  above  juices.  (2.)  By  the 
action  of  nitrous  add  on  asparagine 
fC^HgNjOg)  and  on  aspartio  acid 
(C4H7NO4),  bodies  found  in  the  aspara- 
gus, the  marshjnallow,  etc, 
asparagine  +  S 
+  2N3.  (3.)  . 
hydrate  on  monobromo-succinic  acid. 
Frop0rti€8, — Crystalline,  soluble  in  water 
and  in  alcohol.  With  fermmU,  such  as 
putrifying  cheese,  it  yields  GO^  taccinio 
and  acetic  acids  ;  digested  with  hydrwdie 
acid  in  sealed  tubes,  it  yields  succinic 
acid;  fused  with  potassie  hydrate^  or 
boiled  with  a  strong  mineral  aeidf  it 
yields  sorbio  acid. 

Preparation, — By  the  action  of  nitrous  acid 
on  glutamic  acid,  obtained  by  heating 
casein,  etc.,  with  hydrochloric  acid. 


Tartaric  Series. 

I.  (fi.)— Formula  C„H2„_8(0H)e(C00H)2. 
86  adds  are  tetrahydric  and  dibasic : — 


lie  .. 


^succinic), 
iipio 
iberic    .. 


Formula. 


C(OH),(OO.OH). 

CA(OH),(CO.OH), 

CJa,(OH)a(CO.OH), 
c5[J0fl),(C0.0H), 


Bemarks. 


A  uric  acid  derivative.  By  deozidation 
it  forms  tartronio  and  afterwards  ma- 
lonic acid. 

See  below. 


taric  Acid,  C^H^  (OH)^  (GO.OR)^=G^OQ.—MoUcular  Weight, 

ural  History. — Ordinary  tartaric  acid  constituteB  the  «jdd.  ol 
I,  and,  together  with  dtric,  oxaliC;  and  xnalio  acidB)  \b  ioMn^  va 


622 


HANDOOOK  OF  ICOBSKN  0H£MI8TRT« 


Commercial  Prtparation, — (a,)  Argol or  tartar  (hf/dric  potassic  tartraii^ 
KTIO^ll^O^),  a  substance  depoaited  firom  fertneiiting  grape  juice,  is 
first  puritied  by  solution  in  hot  water,  and  subsequent  crystallizatioo 
(cream  of  tartar )» 

ifl.)  This  purified  residue  ia  now  dissolved  in  hot  water  and  boiled 
with  powdered  chalk,  whereby  an  insoluble  caldo  tartrate,  and  i 
sohibk  potasaio  tartrate  are  formed : 


SKHQH^Oo  +  CaOO, 


Hydrio  potas- 
aio tartrate 


+    Calcic    = 
oarbonate 


Ka04H4O6  +  Oa 'C4H^064-  H,>0  H-    CO^. 

+  Calcic      -f  Water  -}-  Carbooio 

tartrate.  mDbfdndii 


Potasaio 
tartrato 


(y,)  Calcic  chloride  is  now  added  to  the  clear  solution,  whereby 
the  whole  of  the  tartaric  acid  is  precipitated  as  calcic  tartrate  :  tha6, 


KjO^H^O^     + 

Ca'CI^ 

=     2KC1     +     Ca'C^n^Ofi. 

Potaauc  tartrate  + 

Calcic 
cMoride 

^    Fotaasio     +      Calcic  tartrate. 
chloride 

ih.)  This  tartrate  of  lime  ia  now  collected  and  boiled  with  dilute 
sulphuric  acid^  whereby  an  insoluble  calcic  sulphate  is  formed,  whilst 
the  filtered  solution  contains  the  free  tartaric  acid : 


Ca'-C^H^Oa     +     ILSO*    =    CJIfiOg 

+ 

Ca  BO,. 

Calcic  tartrate     -|-     Sulphuric    ^      Tartaric 
acid                    acid 

+ 

Calcic 
sulphate. 

Tartaric  acid  may  also  be  prepared  by  the  action  of  nitric  acid  { 
gum  or  sugar  of  milk. 

Varieties. — There  are  four  modifica6onB  of  tartaric  acid; — 
•  (a.)  Dextro-  or  common  tartarit-  ncid^  so  called  from  its  property  ( 
causing  the  plane  of  polari^satioa  to  rotate  to  the  right. 

(/^.)  LmvQ-iartaric  avid^  which  rotates  the  plane  of  polarization  I 
the  left. 

(y.)  Inactive  or  meso'tartaric  acid^  which  is  without  action  on  i 
polarized  ray*  It,  moreover,  cannot  be  resolved  into  dextro- 
la3vo-tartaric  acids*  In  this  latter  respect  it  differs  from  pardtarUixi 
or  racemic  amij  which  is  also  without  action  on  a  polarized  ray,  1)<^ 
which  is  a  compound  of  dextro-  and  Ire vo- tartaric  acid,  and  is  capabll 
of  resolution  into  these  two  modifications  of  the  acid. 

(c,)  Mtkdartaric   acid.    An  iincrystaliizable  modification   produ 
by  fusing  the  ordinary  acid. 

PropeHics  ofvommon  hirlaric  ucid.  —  («.)    PIii/iftcaL  Colorless  crystaU 
(oblique   rhombs),    inodorous,   having  an  acid  taste,   permanent 
the  air,  and  very  soluble  in  water  and  alcohol.     The  crystals  fu«e  i 
g^QO  p  (I7i'i'=*  C,),  forming  metatartaric  and  isotartaric  acids^ 
of  which  are  uncryataV\im\i\«  ejd^%.    M,  Z14^  F.  (190'^  CI)  it 
water,   and  becouieB  larlajv^i  Mji^^^i^^  VS^^iS^\^^^'^\a!^^\s^ 
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boiling  in  water,  may  be  converted  into  tartaric  acid.  At  a  tem- 
perature of  401°  F.  (205°  C.)  it  forms  paratartaric  acid  and  CO^. 

(/3.)  Chemical. — Its  solution  is  very  acid,  and  rapidly  decomposes 
by  keeping,  acetic  acid  being  formed  and  a  fungus  deposited  which 
contains  3*5  per  cent  of  nitrogen. 

With  Hydriodic  addj  it  forms  succinic  and  malic  acids;  with 
povDtrfid  oxidizing  agents^  it  forms  formic  acid;  with  mild  oxidising 
agents,  tartronic  acid;  fused  with  potassic  hydrate,  it  yields  potassic 
oxalate  and  acetate,  but  no  hydrogen  is  evolved ;  with  concentrated 
sulphuric  acid,  it  is  carbonized ;  with  phosphorus  pentachloride,  it  forms 
chloromaleic  chloride;  with  acetic  chloride,  it  forms  diaceto-tlurtaric 
add,  OsH2(OG2nsO)2(COOH)2 ;  and  with  alcohols^  it  forms  the  various 
ethereal  salts. 

The  following  represent  the  formulas  of  some  of  the  tartrates  : — 


Karnes. 


Formula. 


Solubility  in  water. 


In^tral     .. 
acid  (Cream 
.  of  tartar^  . . 
(  neutral  . . 


AmmGnie  tartrates 


i  acid 
neutral 
acid 


Sodie  tartrates 

^^«*^«^*   )   Potasric    and 
Seign5e«dti     -odic  tartrate 

Potassio-aatimonious  tartrate, 
or  tartar  emetic 


Na»aH,0-+2aq. 
NaHC\HA+aq- 

KNaC^H^Oa+4  aq. 

K(SbO)C^H,0^aq. 
heated  to  400'' F.  be- 
comes KSbC^H^Oo. 


Very  soluble. 
Soluble  in  boiling  but 
not  in  cold  water. 
Soluble. 

Do. 

Do. 

Do. 

1  in  li  at  60*  F.  (I5-6*  C.) 

1  in  15  at  60°  F.  (ISS**  C.) 
1  in  3  at  212°  F.  (100°  C.) 


Bacraiic  Acid  has  the  same  composition  as  tartaric  acid.  It  yields 

the  same  products  as  tcui;aric  acid  by  heat,  and  forms  analogous  salts. 

It  differs,  however,  from  tartaric  acid  in  being  less  soluble  in  water, 

and  in  its  solution  neither  rotating  the  plane  of  polarization,  nor 

[•incipitating  a  neutral  calcic  salt. 


Fumaric  Series. 

Sbries  H.— Formula  Q^^^QO.OE)^. 

IHiefle  dibasic  acids  form  succinic  acid  with  nascent  hydrogen,  and 
Mtitatioii  derivatives  of  succinic  acid  with  the  haloid  acids  and  with 
)  halogens.  They  also  form  monochlorinated  acids  of  the  malic  series 
di  hypoohlorouB  acid. 
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The  Bories  indades  fhe  foQowing : — 


ACID. 


Fonnnla. 


Melting  Pt. 


Bemarks. 


Fumario 


CA(COOH), 


About 
3920    200-0 


Maleio.. 


Do. 


266-0 


Citraoonic 

Itaconic 

Mesaconic 


^  cja^(coon). 


176-0 
320-0 
392-9 


130-0 


80-0 
160-0 
200-5 


The  add  of  the  common  fumitory. 
Prepared,  together  with  maleio 
adc^  by  the  action  of  heat  on 
malic  acid.  It  is  a  crystalline  in- 
soluble acid  fl  in  200  at  60^  F.). 
B^  heat  it  tonns  maleic  anhy- 
dride. With  nascent  hydrogen 
it  forms  succinic  acid. 

See  above  for  preparation.  A  errs- 
talline  volatile  soluble  add.  Its 
reactions  are  similar  to  those  of 
fumaric  acid. 

Prepared  from  dtrio  add.  Gi/rs- 
conie  add  is  formed  by  the  pro- 
longed action  of  heat  on  citno 
acid.  It  is  very  soluble  in  water. 
Jtaeonic  acid  results  when  citrt- 
conic  add  is  heated  with  water 
for  some  hours.  It  is  not  very 
soluble  in  water.  Metaeonie  aeti 
is  formed  by  decomposing  the 
product  of  the  action  of  heat  oo 
a  mixture  of  dtraconio  and  hy- 
drochloric adds.  With  nascent 
hydrogen  all  three  yield  pyrotar- 
tario  add.  The  three  acids  when 
treated  with  bromine  yield  three 
isomeric  brominated  adds. 


Fhthalic  Series. 
Series  UI.—FojTnula  C„H2n_8(CO.OH)2. 


These  include 


Melting  Point. 

ACID. 

Formula. 

op 

°C. 

PhthaUo      ..\ 

C«H,(CO.OH)a 

366-0 

186 

By  oxidizing  benwo* 
and  formic  acid  by 
MnO,  and  H^SO^. 

Isophtbalic . .  \ 

Above  572 

Above  300 

Tert>phthalic   ; 

Do. 

Do. 

Mesidic        ..  \ 

560-4 

288 

Xylidic        . .  } 

C«H,(CHJ(CO.On), 

541-4 

283 

Isoxylidic    . .  ; 

707-0 

376 

Cumidic 

c,n,(cn3),(C0.0H), 

Sub 

limes. 

_  _ 

TBTBAUC  SXUB8.  ' 


^S 


^  C -TRIBASIC  ACIDS, 
ind  Adds  of  Higher  Basidtj,  etc.  ^ 

Tricarballylic  Series, 

TricarbanyKc  Add,  C,n5(CO.OH)3^C6He06  is  a  trihydrio  acid, 
md  is  prodaced  by  heating  citric  acid  with  hydriodic  acid — 

■CfiH^Oy       -h       2III      -       QH.O^       -h     H^O     +       I^ 

"Cilneicid      +     Hydiiodic    =    Tricarbullylic    -f    Wmtar     +     Iodine. 


idd 


=    Tricarbidljlic 


Citric  Acid  {oxyiricarhijUi^Uc  acid)  CaH/ OH)(COOH),=:CoHe07. 

Neural  JItsfory, — This  acid  is  found  in  the  juice  of  lemons  and 
oraiigefty  and  also  in  many  fruits,  auch  aa  gooseberrieSi  etc.^  in  con- 
Junction  with  malic  acid. 

Preparation, — ^The  lemon  juice  ia  first  allowed  to  ferment,  so  that 
mucilage  and  other  impuritiea  may  be  separated.  The  clear  liquor  is 
then  neutralized  with  chalk,  whereby  an  insoluble  caloio  citrate 
(Cav2CfiH507)  is  formed.  The  precipitate  b  collected  and  decomposed 
with  dilute  sulphuric  acid,  the  citric  acid  being  afterwards  ozystidlized 
|pom  the  solution. 

mJ^roperties, — (a.)  A  crystalline  dimorphous  body,  freely  soluble  in 
Kit  and  cold  water.  The  crystals  fuse  at  212^^  R  (100^  C),  and  de- 
compose  at  300"^  F,  (149°  0,),   forming  aconitic  acid.      Heated  to 

»B^  F.  (170^  C),  it  forms  itaoonic  acid. 
(/3.)  ChemicaL — A  tribaaic  tetrahydric  acid.     The  solution  reddens 
litmus  and  rapidly  decomposes. 

It  ferments  with  putrid  fesh,  forming  butyric  and  succinic  acids ; 
tutphuric  odd  decomposes  it ;  nitnc  acid  converts  it  into  oxalic  acid. 
With  potassic  h^rate,  it  forms  acetic  and  oxalic  adds. 
^  Citric,  like  tartaric  acid,  prevents  the  precipitation  of  ferric  oxide 
mg  ammonia.  The  soluble  compound  formed  has  not  been  very  well 
^mde  out. 
^The  acid  is  used  in  medicine,  in  dyeing,  and  in  calico  printing. 

Deaoxalic  or  TrioxycarballyUc  Add,  (0,H,(OH),(COOH}3= 
is  an  unstable  acid,  and  forms,  when  heated,  tartaric  and 
oiylic  acids. 

Heconic  Add  (CjH^O^)  is  a  tribasic  acid  present  in  opium,  and 
of  mica-tike  plates,  soluble  in  alcohol  and  in  boiling  water, 
luble  in  cold  water. 
HeUitic  Acid  CgCCOXJlDcj  is  a  hexabasio  acid,  existing  as  an 

ic  salt  in  **  hanet/  8tom,^^ 
We  may  note  that,  with  one  exception,  the  whole  of  the  benzene 
ftlifl)  series  of  acids,  derived  by  the  substitution  of  th©  ^rou'^  CS>Q^ 
the  hydrogen  of  the  benzene,  are  known.     Thua — 

a  a 
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Benzoic  acid     ... 
Phthalic  acid,  etc. 
Trimellitic  acid,  etc. 
Pyromellitic  acid,  etc, 

Mellitic  acid 


REACTIONS  OF  SOME  OF  THE  CHIEF  ACIDS. 
(I.)  Group  reactions.     {H.)  Special  reactioBS. 

L^Gronp  Reactions, 

1 .  IT  eat  tlie  acid  in  a  test  tube — 


Blatikens 
inatautly. 


Tartaric      (caramel 

odor) . 
IFric  (burnt  featlier 

odor). 
Hippuric    (beniEGne 

odor), 
Gallio, 
TanniCt 


CfiHsCOOH. 

C6H4(600H)». 

C6H,(C0.0HJ,. 

CfiHjCCOOH)*. 

CgHCCO.OH),. 

Cb{COOH)s. 


Fuses  and 
blackeni  after 
a  sburt  time. 


Citric. 


ForniB  a  white 
eublimate, 
the  residue 


Malic, 

Meconic. 

Pyrogallic. 


Not  blackened. 

White 

eiiblimate. 


Oxalic. 


Not 

blaclEeD«d. 

Volatile. 


Acetic  {jUtl^ 

acetone}. 
Formic. 
Benjfioic 
8ucoiaio. 
Butyric. 
HydrooyMii^ 
Pii«iuc 


2.  Heat  the  acid  in  a  test  tube  with  aiilphttric  acid — 

Bkckeos 
initantlj. 

Blackena 

Not 
blackened. 

VoUtile, 

Tartaric. 
PTPOgallic. 
Gallic  (red). 
Tannic  (bnovn). 
Hippuric. 

Citric 

Malic. 

Uric. 

Meconic. 

Oxalic.     Evolvea   CO, 

and  CO. 
Sulpbocjanic,   Evolves 

CSO^  giving  odor  of 

SO,. 
Hydrocyanic  and  other 

cyanogen  acids.     E- 

Tolve  CO  and  NHj. 

Acetic     \ 
Saeoiuic  ) 

4 

3.  Bender    the    acid    solution   neutral,  and   add  calcic 
Filter  off  the  precipitate — 

If  soluble  in  acetic  acid  =  Tartaric  acid. 
*  inaoliible  in  acetic^  but  eolubl©  in  HCl  ^  Oxalic  so 
I  Boil  with  lime  water ;  a  precipitate  indicates  citTiottdl 
Filtrate,  <  Boil  for  a  long  time  with  Ume  water  and  alcohol ;  r 
\^         ]^T^Cr\'^t&t%  iii(^^^»^AA  malice  «idd^ 


PrecipitaU.  |  ^  ?^ 


RSAOnONS  OF  AGIDB. 

4.  Add  to  the  acid  solution  feme  chloride— 
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A  Bed  Coloration,  but  no  ppt. 


Other  Reactions. 


Acetic ;  color  disappeara  with  HCl 
Formic ;  „  „ 

Pyrogallic;     „  „ 

Sulphocyanic ;     color   diBappears  with 

HgCly  but  not  with  HCL 
Meconio;  color  neither  discharged  by 

HgCl,  nor  by  HCl. 


Carbolic;  purple. 

Gallic  and  tannic ;  black. 

Ferrocyanic;  blue. 

Ferricyanic;  brown  (blue  with  FeSOJ. 

Benzoic    \ 

Succinic    /  light  red. 

Hippuric  / 


6,  Add  to  the  neutral  solution  argentic  nitrate. 

White  precipitates  occur  with  the  following  acids,  all  of  which  are 
soluble  in  ammonia ;  viz. :  hydrocyanic  (insol.  in  HNO3 ;  sol.  in 
KCj) ;  sulpho-,  ferro-,  and  ferri-cyanic ;  meconic  ;  oxalic ;  succinic ; 
benzoic ;  tartaric  {see  Tests) ;  citric ;  malic ;  acetic.  The  silver  salt  is 
reduced  by  formic  and  pyrogallic  acids. 

6.  Add  to  two  portions  of  the  solution,  potassic  hydrate  and 
hydrochloric  acid  respectively — 


Potassic  Hydrate. 


Hydrochloric  Acid  (to  neutral  solution). 


Tartaric ;  white  ppt.  on  addition  of  acetic 

add. 
Gallic;  green  ppt. 
Tannic ;  brown  ppt. 
Pyrogallie ;  Uack  ppt. 


Uric;  white  ppt.  (powder). 
Benzoic ;      ,,      (flakes). 
Hippuric ;    „      (feathery-crystals,  solu- 
ble in  boiling  water). 


IL— Special  Reactions. 

Acetic  Add  (C2H4O2)  and  the  Acetates. 

1.  The  acid  is  soluble  in  all  proportions  in  water,  alcohol,  and  ether. 
It  dissolves  camphor  and  several  resins. 

2.  Heat.  The  acid  and  its  salts  are  decomposed,  yielding  acetone 

(CsHcO). 

3.  When  a  mixture  of  sodic  acetate  and  soda  lime  is  heated,  it 
Wields  methane  or  marsh  gas  (3NaC2H302+NaHOCa''H«02   (soda 

iine)=2Na5C0,+CaC03+3CH4). 

4.  The  acetates,  heated  with  alcohol  and  sulphuric  acid,  yield  the 
Mgrant  ethyUc  acetate  (CjHs.CjHsOj)  (characteristic). 

5.  The  solid  salts,  heated  with  sulphuric  acid,  yield  acetic  acid. 

e.  Ferric  chhride  gives  on  boiling  a  deep  red  coloiatiou,  m^  >^^ 
voipitatioD  ola  bwo  ferric  acetate. 
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Oxalic  Acid  (CeHA)- 

1.  Ileal;  (a)  fusee;  (/3)  gives  a  white  Bublimate  if  carefully 
heated;  (y)  produtes  dense  white  fumes  towards  the  end  of  the 
reaction,  hut  never  blacktns,  (The  oxalates  of  the  alkahes  and  alkaline 
earth s>  when  heated,  leaye  carbonates,  which  effervesce  with  adds; 
hut  the  oxalates  of  other  metals  leave  metallic  oxides.) 

2,  llaSO^  and  heat;  CO  and  COg  are  evolved,  but  without  hlacken- 
ing»  (The  reaction  with  the  oxalates  is  similar,  a  residue  of  sulphate 
remaining.) 

3.  Calcic  chloride  (Ca^'Gg)  gives  (o)  in  mry  dilute  solution»  a  ppt., 
after  a  time,  of  calcic  oxalate,  Ca'CoO^;  (/j)  in  moderaieUj  nirong  svlu' 
tionSj  it  gives  an  immediate  ppt.  The  ppt.  is  Boluble  in  HCl  or  HNOj 
(but  not  in  acetic  acid,  as  in  the  case  of  phosphates)  and  is  repre- 
cipitated  by  ammonia. 

The  reaction  is  not  interfered  with  by  the  presence  of  ammoniaaij 
salts, 

4,  Argentic  nitrate  gives  a  white  ppt.,  Agif)^0^. 

Uric  Acid  (O^N,H,0,). 

1.  Heat;  (a)  blackens  immediatoly;  (/3)  odor  of  burnt  hair. 

2.  A  drop  of  nitric  acid,  mixed  with  uric  acid  in  a  capsule,  and 
evaporated  to  dryness,  yields,  when  the  cold  residue  is  touched  with 
ammonia,  the  deep  red  tint  of  murexide  (OaN^lIaOg), 

Hippuric  Acid  (CgHgNOj).^ — Crystals;  rhombic  prisms,  and  acicular 
crystals, 

L  Umt.    («.)  Fuses  directly,  and  volatilizes  with  partial  decom- 
position, yielding  henzoio  acid,  ammonic  benzoate,  and  beni:o-aitrile. 
(j3.)  A  carbonaceous  residue  left;  any  subhmate  formed  is  of  a  rM 
tint.     (yO  Odor  of  benzo-nitrile.  ■ 

[N*B*  Hippuric  acid  is  insoluble  in  ether,  but  benzoic  acid  is  solablal 

The  hipp urates,  when  fused  with  excess  of  potassic  hydrate,  g;iH 
ofiF  ammonia,  and  yield  benzene  by  distillation,  ■ 

Citric  Acid  (CgH^O^). — l,  Heai^  (a)  does  not  blacken  immediately 
(/3)  evolves  pungent  acid  fumes;  (y)  blackens  ultimately  (distzH 
guishes  it  from  maHo  acid)«  ■ 

2.  SuJphmc  acid  and  heat  blackens  the  acid,  but  not  immeditttefl 
(distinguishea  it  from  tartaric  acid).  ■ 

3.  Cfdcic  chioHde  gives  no  ppt.  on  boiling  in  a  solution  of  the  £Nfl 
acid,  but  on  neutralizing  the  solution  with  KHO  a  whit©  insolabfl 
ppt.  of  calcic  citrate  is  thrown  down.  The  ppt.  is  insoluble  in  £H(H 
(distiBguishing  it  from  calcic  tartrate),  but  is  soluble  in  NH4flH 
Boil  the  aiomonic  chloHde  solution,  when  a  white  ppt.  is  thrown  dowM 
which  is  no  longer  eoluhle  in  NH^CJl.  I 

4.  C^aldc  citrate  heated  ^vith  ammonia  and  argentic  nitrate,  yid»H 
BO  metalli<>  mirror,  thus  distingmshing  it  from  tartaric  acii  I 

Jfalic  Acid  (C^H^p^y — Crifsiuk;  colorless  prisms.  H 

L  Seal  chats  tke  acid»  aixi  ^\e\^  iMia^Yv^  ^A,  ^^H 
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2*  Calcic  chhruk ;  no  ppt,    in  very  dilute  aqueous  solutions,  but 
.      a  ppt.  forma  when  alcohol  is  added  (calcic  malate). 
^ft      3.  Plumbic  acttale^  in  neutral  sol ut ions  awliite  ppt.  (plumbic  malato), 
^^^ringl^  soluble  in  amvwnia,  distingmskiDg  it  from  plumbic  citrate  and 
^Btartrate,  wkioh  dissolye  easily. 

^    Tartaric  Acid  (C4HA1) 

•  1.  Heat  (a)  blackens  immediately  ;  (/3)  caramel  odor ;  (y)  gives  no 

^■€ublimate. 

^^      2,  II5JSO4  and  heat;  (a)  blackens  immediately;  (/3)  caramel  odor. 
(Beactioo  similar  with  tartrates. ) 

3.  Potasm'  (chloiidt  or)  ucetate  gives  a  precipitate  (mth  moderately 
l»  strong  solutions)  of  acid  potassic  tartrate,  KIIO^H^Oi^.  The  delicacy 
^Mf  this  reaction  is  increaaed — (a)  by  shaking ;  f/3)  by  the  addition  of 
■      alcohol. 

4,  Calcic  chloride  (in  excess)  givee,  in  moderately  strong  solutions, 
an  immediate  white  precipitate  of  calcic  tartrate,  Oa^CiEjOfi,  which 
rapidly  becomes  crystalline.  The  precipitate  is  soluble  in  KHO  or 
NaHO.     Ammoniacal  salts  prevent  the  reaction. 

Filter  off  the  precipitate  and  dry  gently.     Place  it  in  a  test-tube  with 
a  drop  of  ammonia  and  a  crystal  of  argentic  nitrate,  and  heat  very 
&ntly,  when  a  brilliant  ailver  mirror  will  be  obtained.     (This  distin- 
[les  it  from  citric  acid.) 

Lime  and  banjta  tcaterd,  and  plumbic  acetate;  white  predpiiates, 
oluble  in  excess  of  acid. 
6,  In  neutral  solutions  0/ tartrates: — 
Argentic  nitrate ;  a  white  precipitate,  soluble  in  ammonia. 
Calcic  chloride  ;  a  white  precipitate- 

N.B. — ^Tartaric   acid   interferes   with   the    precipitation   of    ferric 
hydrate  by  ammonia,  owing  to  the  solubility  of  the  hydrate  in  a 
irtaric  acid  solution. 
Benzoic  Acid  {^-\^6^t)f   Or^^tah,  prismatic  needles. 

1.  mat,  (a)  in  a  (est 'tube ;  melta  at  212°  F.  (100°C.),  and  a  little 
ove  this  sublimes  ;  emits  an  aromatic  odor  j  (/?)  On  platinum  foil ; 

bums  with  a  smoky  flame. 

2.  Sulphuric  acid  and  heat  does  not  blacken,  but  dissolves  the  acid. 

3.  Nitric  acid;  no  action. 

4.  Distilled  with  excess  of  CaO,  yields  benzene— «{CjH^,+CaO= 
D^+CaCOa). 

5.  Ferric  chloride ;  a  pale,  yellow -brown  precipitate  of  basic  ferric 
zoate  (Bz^Fe.,0^,Fe203+  15  aq.). 

Succinic  Acid  (C4Hf;04)  j   Cn/atuls;  obHque,  rhombic  prisms. 

1.  IlLat;  (a)  in  test  tube;  melts  at  356*=*  F.  (180'=*O*),  and  sublimes 
.  silky  needles,  emitting  an  irritating  odor  ;   (/3)  On  platinum  foil : 

as  with  a  blue  flame,  without  smoke. 

2.  Ferric  chloride  gives,  in  neutral  aolntions,  a  \>towi\\^-t^  -^vxei^iv 
dtate  of  hash  ferric  succinate,  SniFe20''^,Fe203,  fto\\iV>\^  m  Txivafex«\ 
¥dff^  darkened  hj  ammonia. 
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3.  Nitric  acid,  no  action. 

Note   the    dlstinctionH    between    benzoic    and   siiccinio    acid 
follows : — 

1,  Benzoic  acid  heated  on  platinum  foil  bums  with  a  emoky  flame, 
which  succinic  acid  does  not. 

2,  Ferric  chloride  gives  a  brown  precipitate  with  both  acids.  Treat 
this  with  ammonia.  One  portion  is  decomposed  whilst  another  forms 
a  soluble  succinate  and  benzoate.  Filter,  and  add  alcohol  and  baric 
chloride  to  the  clear  filtrate : — 

(a.)  With  a.  ferric  sHrcinnatet  a  white  crystalline  precipitate  is  formed. 
{j^,)  With  £L  feme  benzoate^  no  precipitate  is  formed,  ^ 

Tannic  Acid—  " 

1.  Seated  in  tuhe^  fuses,  black  ens  immediately,  and  gires  no  sublimate. 

2.  Sulphuric  acid  and  heat;  tuma  dark  brown.  {See  Gallic  Acid, 
which  turns  red.) 

3.  Nitric  add  and  hat^  a  yellow  solution,  turning  red  on  boiling. 

4.  Ferric  chloride^  a  black  precipitate  and  coloration. 

Gallic  Acid- 
ic Jleated  in  tube,  fnaee^  blackens  inmiediately,  giving  an  orange-red 
sublimate, 

3*  Sulphwic    acid  and  heat ;    turns  magenta  red,  becoming  more 

intense  as  the  heat  increases.     {See  Tannic  Acid,  which  turns  brown.) 

3.  I^itric  arid  and  heat :  same  as  Tannic  Acid. 

4.  Fernc  Chlojide  ;  same  as  Tannic  Acid. 

Hydrocyanic  Acid  {See  page  522). 
Ferrocyanic  Acid    {See  page  523)  (H^Fe^Oyg). 

1.  Keaction  acid  ;  decomposes  alkaline  carbonates  ;  stable. 

2.  Ferrovs  mlphate ;  a  light  blue  ppt.,  K^Fe.FeCyg. 

3.  Ftt^rie  chlonde ;  a  deep  blue  ppt.  (prussian  blue)  'Fe'^Fe'^^Cyig. 
Ferricyamc  Acid   {See  page  524)  (HsFe'"Oye). 

1 .  An  unstable  acid. 

2.  Ferrous  sulphate;  a  deep  blue  ppt,  (Turnbull's  blue)  Fe%Fe"',CytrJ 

3.  Feme  chloride;  a  deep  brown  coloration. 
Sulphocyanic  Acid    {See  page  524)  (HONS), 

1.  Boaction  acid;  easily  decomposed. 

2.  Ferric  chloride;  a  blood-red  coloration,  but  no   ppt.,   even  on 
boiling;  color  discharged  bi/  mercuric  chloride  (HgClj), 

Meconic  Acid  (C7H4O7), 
1.  Ferric  chloride;    a  blood-ied    coloration;  color  not  diichargid  1^1 
mercuric  chloride^ 
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Supplement  to  the  Fatty  Acids  (page  605). 
Fats  and  Oils. 

Definition. — ^^  ^&ts  and  oils  are  combustible  bodies,  having  an 
nnctaous  feel,  communicating  a  greasy  stain  to  paper,  insoluble  in 
water,  but  soluble  in  alcohol  and  in  ether.  They  are  all  compounds 
of  glycerine  with  palmitic,  oleic,  or  stearic  acid. 

Natural  History. — ^They  are  found  in  aU  parts  of  the  vegetable^ 
but  chiefly  in  the  seeds  (rape)  and  fruit  (olive.)  They  also  occur  in  the 
animal,  formed  by  the  conversion  of  starch  and  saccharine  matterSy 
and  aire  found  located  chiefly  under  the  cuticle,  or  in  the  omentum 
or  round  the  kidneys.  The  fat  is  generally  lodged  in  cells,  the  en- 
velope of  which  consists  of  cellulin  or  gelatinous  tissue.  Fat  not  un- 
frequently  occurs  as  a  product  of  tissue  degeneration  (as  in  the 
kidney,  Hver,  etc.),  and  is  also  found  as  a  product  of  secretion  (as  in 
milk). 

Preparation. — (!•)  ^y  simple  pressure  (croton,  olive,  almond,  lin- 
seed, mustard,  etc.). 

(2.)  By  heat  arid  pressure^  as  in  the  case  of  the  solid  fats  (such  as 
lard,  human,  cod-liver  (dark  colored),  castor  (hot  drawn),  etc. 

(3.)  Btf  cold  and  pressure  (castor  and  cod-liver  (cold  drawn),  lard). 

(4.)  By  distillation  (volatile  oils) ;  {see  page  551). 

(5.)  By  destructive  distillation  (coal-tar  oils). 

(6.)  By  solution  in  a  fixed  oily  in  alcohol,  or  in  ether  (yelk  oil). 

(7.)  j^  fermentation  (oil  of  bitter  almonds). 

Classifioation. 

L  Fixed  oSs ;  that  is,  oils  which  decompose  at  a  temperature  below 
[  lihat  at  which  they  distil,  and  impart  a  permanently  greasy  stain  to 

XL  VolaiiU  oils ;  that  is,  oils  which  may  be  distilled  unchanged, 
■  and  that  impart  a  greasy  stain  to  paper,  which  is  not  permanent. 

I  L-Fized  Oils. 

I    Ibe  fizfld  oilf  an  composed  of  two  or  more  neutral  w]i!t>«\»xisAA> 
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combiiied  with  some  of  the  adds  of  the  acetic  eeziefl,  or  with 
closely  allied  to  them* 

These  are  diyided  into  two  classes: — 

(A.)  Saponifiable  oils, 

(B.)  Kon-Baponiji^hh  oils, 

(A.)  Saponifiable  Piled  Oils, — Some  of  these  are  solid,  as,  M,g, 
palm  oil ;  and  some  are  liquid^  as,  e.g,^  olive  oil  Of  animal  fata, 
those  from  trarw-blooded  animala  are  usuallj  solid  at  ordinary  tern* 
peratures  (such  as  suet) ;  whilst  those  from  co/rf*blooded  animals  are 
commonly  liquid  (such  aa  the  fish  oils).  The  fats  and  oils  have  rery 
little  odor  or  taste.  Their  specific  gravity  varies  from  0-91  to 
0-94. 

The  action  of  heat, — ^The  liquid  oils  may  he  solidified  by  cold.  The 
Bolid  fats  melt  at  from  70^  to  1  lO'^'F.  (21*1'^  to  60°  (1).  At  500"'  F. 
(260^  C. )  they  usually  undergo  slight  decomposition.  At  about  600^  F, 
(316-5°  C)  (that  is,  below  the  temperature  at  which  they  distil— 
hence  they  are  termed  ^.r«(i  oiV/?),  they  decompose,  giving  off  carbonic 
anhydride  and  acrolein.  At  a  higher  temperature,  as,  tf,^.,  when 
dropptd  on  a  red-hot  iron  plate,  they  are  decomposed  into  varioui 
hydrocarbons  (oil  gas). 

^Soiubilit^. — They  are  all  insoluble  in  water,  hut  soluble  in  boil- 
ing alcohol  and  in  cold  ether*  They  are  solvents  of  sulphur,  pho*- 
phoruSi  etc. 

Action  of  Air, — {a,)  Rancidity,  By  exposure  to  air  the  oils  com- 
monly turn  rancid.  This,  however,  does  not  occur  in  the  ca«6  of 
pure  oil.  Eaucidity  is  brought  about  by  the  presence  in  the  oil 
of  certain  albuminous  matters,  which,  during  decay,  decompose 
glyceric  oleate,  or  the  glyceric  salts  of  other  acids, 

(/3.)  Driving  and  non-drying  nils, — Most  fats  and  oils,  when  e: 
to  the  air,  absorb  oxygen  (some  at  the  same  time  evolving  carbo] 
anhydride),  ultimately  becoming  solid.      These  are  called  **  dry: 
oils,''  of  which  linseed^  rape,  and  mustard  are  illustrations.  They  con' 
glyceric  oleate  (olein),  or  glyceric  salts  of  acids  homologous  to 
acid.     This  oxidation  process  has,  in  some  cases,  been  so  rapid 
active  combustion  has  resulted.     This  property  of  drying  is,  in  mi 
cases,  increased  hy  dissolving  in  the  oil  when  hot  a  twentieth  part  of 
weight  of  litharge  or  oxide  of  manganese.    This  constitutes  (as 
the  case  of  Linseed)  what  is  called  **  boiled  oil."     Other  oils  Ao 
absorb  oxygen  ; — chemically,  they  diiler  from  the  drying  oils  in 
taining    glyceric  salts  of  acids  other  than  those  belonging  to 
oleic  BGries,  as  Hnoleic  acid,  the  acid  of  linseed  ;  nevertheless,  tin 
gradually  alter  by  exposure,  though  in  a  different  manner.     These 
called  **  non-drying  oils,*'  such  as  olive,  almond*  rape-seed  oils,  ©tc, 

The  oils  are  aU  decomposed  by  the  action  of  the  haloids. 

Acids  act  on  them,  forming  various  compoimds. 

With  the  lixed  a\kaV\^a  l\ic»^i^Tm^f\\A<i^<a^wi^T^'a<^«a^oaificrtti*' 
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Potash  fonns  witli  them  soft  soap,  and  soda  hard  soap.  Ammonia 
does  not  form  tme  soaps  with  the  oils,  but  compounds  called 
amides. 

The  fats  combine  with  metallic  oxides    and  hydrates  to  form 
plasters,  glycerin  being  set  free.    Thus — 

3PbO   +   3H,0    +    2(C,Hj.3C„H3,Oa)  =    3(Pb2C„HaO0    +    2(Cj^43HO). 

Plumbic  +  Water   +    Oleate  of  glycerjl    =     Oleate  of  lead      +       Glycerin, 
oxide  (oliye  oil)  (lead  plaster) 

The  following  is  a  tabulated  list  of  the  principal  fats  and  oils : — 


i 


Name. 

Sonree. 

Sp.Gr. 

FaalbOlty. 

Othre 

Oleaeoropna.. 

0*918 

Solid  below  320  F. 
(OOC.) 

Virtfin  otZ  if  the  oU  obtained  by 
pressure  without  heat 

Almoad   ..     .. 

Amjgdalaioom- 

0-918  at 

SoUdbelow-130F. 

Seeds  yield  60  per  oent.  of  oil. 

munli 

60'F. 

(—260  C.) 

EemaA    ..     .. 

S«8amnm  Indi- 
cum 

BtpcMd..    .. 

Muttfd   .. 

Uon. 

Ootaa 

BrsMieaoleifera 

0913 

Teik 

lUleton..     .. 

FiUxnuM 

Contains  fiUdc  add,  Ci*H,.0.. 

UWBM     ..     .. 

Contains  olein  and  margarijae. 

i.  Drying  Oih. 

liMted    ..     .. 

Uqiixq  UBhhIB* 

1-939  at 

8oUdat-16«C.) 

•Imam 

MOF. 

12  per  cent,  left  in  the  oake. 

Wahnt    ..    .. 
HtnptMd 
Poppyned 
CratoQ      ..    .. 

)        Liqnid  at 
ordinaiy 
J    temperatures. 

llglio  sold,  but  not  erotonio  add, 
is  obtained  from  the  olL 

CMor      ..    .. 

Biofaiiii   com- 

0-969 

SoBdat-14«>F. 

A  riecfMlvUe  of  glyceryl  (C.H, 

mmais 

(— 25-60  c.) 

3C,,U3,03). 

Z.  FUkOUs. 

Sporm      ..     ..    Liquid    &t    in 

0'8€8 

Solid  at  450  F. 

taattd  of  iper- 

.(7-20C.) 

macettwlMle. 

OomBHovliale 

Oommon  whale 

0^27 

SoUd  at  320  F. 
(CO  C.) 

Oodllfw..    .. 

Oadiia  morrhoa 

Solid  at  300  P. 

Contains   constituents  of  Mle; 

(-1*  C; 

4.  SoMFati. 

gives  a  onmson  with  H.SO«). 

rtOtm     ..    .. 

Ffltofox^aheep, 

etc 
Soft  fat  of  pig 

Suet;  almost  entirely  stearine. 

Is« 

Biter      ..    .. 

Milk 

XMsgiiiiMeiiili 
Myrlstica 

81«  P.  (a7-2o  C. 
870  F.  (80-6O  C.) 

Volatile  oil  and  myriitin  (C.H. 
Conuins     glycerin,     combined 

OMoaaot..    .. 

Oocoa  naoifera 

68*  P.  (20O  0.) 

with  caprolc,  caprylic,  lanriob 

myristic,  and  palmitio  adds. 

Used  for  marine  soap,  belnv 

Un«lftt..    .'.' 

IheobromacMoa 

860  J  ^29.50  c.) 

soluble  in  NaCL 
Chiefly  stearine. 

TtOotrwtt    .. 

Honeyoomb  of 
bee 

0-96 

1440  F. (63*  C.) 

White  wsx  is  the  yellow  wax 
bleached.     Contains  oeroletn 
(6  per  cent)  and  ceroUo  sdd. 

Ipennsell 

fi9l«<lfiitinbeaa 

0-9i0 

1200  (49*  C.) 

Pilmitate  of  cetyl  yields  ethal 



ofepeimaooti 

(not  glycerine)  on  saponifi- 
cation. 

The  following  Table,  from  Bloxam,  shows  the  principal  ialXrj^io^'a^, 
itlifaflir  coiregponding  acide  and  fusing  points. 
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Neiitml 


Stearin 
Palmitiji 
Mtrgiuaxi 
Olein 

Cetm 
Myriciu 


Formuk, 


Chief 
Source. 


Tallow. 

Palm  oil. 

Oliro  oil. 

Do, 

Spermaceti. 

Bees' -wax, 


Fusing 

Point 

»F. 


125  to  167 
114  to  H5 

116 
Below  32 

120 

162 


Fatty 
Aeidi. 


Steario, 
Palmitio. 
Morgonc, 

Oleic. 

Palmitic. 

Da 


FormuU. 


C,JL.O, 


Fusing 
Point. 


169 
lU 

140 
40 
144 


(B,)  Nonsaponifiable  Fats*— This  includes  certain  bodiee,  euch 
as  cetene  and  ellial  from  spermaceti,  myriciu  and  ceren  &om  bees*- 
H'axi  cholesterin,  etc* 

They  are  all  solid  ciystalliiie  bodies,  and  fuse  at  temparaturefl 
varying  from  180^  to  300°  F.  (82°  to  149*=*  0.)- 


IL— Volatile  Oils.    {See  page  651.) 


Soaps. 

A  soap  results  from  the  action  of  alkaMes  on  fats  and  oiLa  If 
potash  be  used  for  effecting  saponification,  a  hard  soap  results;  if  soda, 
a  soft  soap.  Tallow,  palm-oil,  cocoa-nut  oil,  and  kitchen  stuff  are  ths 
fats  commonly  employed  in  the  manufacture  of  hard  soap,  whilst  seal 
and  whale  oil  are  use  J  for  soft  soap.     W©  may  here  note  that — 

(a.)  Tallow  consists  of  abont  three  parts  of  solid  stearin  (or  the 
glyceride  of  stearic  acid),  and  one  part  of  liquid  olein  (or  the 
glyceride  of  oleic  acid), 

(/J.)  Palm  oil  consists  chiefly  of  solid  palmitin  (or  the  glyceride  of 
palmitic  acid)  and  olein, 

(y.)  Sml  and  tchaie  oils  consist  chiefly  of  olein. 

1.  Hard  soaps. — The  fat  is  first  boiled  in  a  soda  ley.  Whan 
perfectly  dissolved  a  quantity  of  common  salt  is  added  {salting  mU). 
The  soap  immediately  rises  to  the  surface,  being  insoluble  in  a  solu- 
tion of  common  salt.  Thus  an  insoluble  sodic  stearate  (or,  if  palm- 
be  usedj  sodic  polmitate)  and  sodic  oleate  are  formed,  whilst  tlie] 
glycerin  remains  in  solution.     Thus— 

3NaH0    =  3(C,6H350(NaO))  +  CsHaOj-a 

Cauaiio      :=        Sodic  stearate  +  Gl^t^tia.  * 

&oda 


(a.)  C3H5(C,8H.«0},.0,  + 

Stearin  ;  or  glyceride     + 
of  stearic  acid 

(/3.)  CjHj(C,8H„0),.0,  + 

Olein  ;  or  glyceride      -f- 
of  oleic  auid 


3NaH0  ^  3(C,BHi30(NaO))  +  GJWr\ 

Catutic     ^  Sodio  oleate         +  GljroenH' 

Hoda 


The  soap^  that  is,  the  sodic  stearate  and  oleate,  is  then  allowed  i 
collect  on  the  surface,  whilst  the  alkaline  ley  containing  the  glycerin^  ] 
U  drawn  off  from  below.    *IW  ftoa^Va  ^^iv^u  ^x^a^^sd  in  iron  mould*- 
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'If  (allow  has  beea  used,  the  eoap  is  a  mixture  of  stearate  and  oleate 
of  soda;  but,  ii* palm  oil,  of  palmtlate  and  oleate  of  soda, 

Dransparent   soaps  are   prepared   by  first   drying   the   eoap,  then 
^  dissolving  it  in  spirits  of  wine  by  heat,  and  pouring  the  solution  into 
aoulds    after   a  sufficient  quantity   of  spirit  has  been  removed  by 
iietillation,  so  that  the  solution  may  set  perfectly  when  cold. 
Glycerine  soap  consists  of  a  mixture  of  the  soap  and  the  alkaline 
^solution  containing  the  glycerin,  as  small  a  quantity  of  water  being 
ed  in  the  operation  as  possible,  , 

In  mlicafed  soap^  silicate  of  soda  is  nii:xed  with  the  soap.  I 

In  the  common  yellow  s&apSf  a  quantity  of  common  rosin  ia  used. 
CastiU  $oap  is  made  from  olive  oil,  which  contains  the  glycerides 
oth  of   palmitic   and    stearic    acids  (margarine),    as  well   as  oleic  j 
i<L     Hence  Castile  soap  is  a  mixed  stearate,  palmitate  and  oleate    ' 
Df  soda* 
The  appearance  of  moUkd  ioap  depends  on  the  presence  of  veins  of 
loxide  of  iron.     It  is  supposed  to  indicate  that  the  soap  is  tolerably 
ree  from  water, 

IL  Soft  Moapn. — In  fish  oil,  which  ia  the  fat  used  for  soft  soaps, 

Dleiu,  or   the   glyceride  of  oleic  acid,   predominates.     This,  with  a 

sh  /*y,  yields  oUatt*  of  potash,  of  which  soft  soaps  are  principally 

Dmposed.     The  separation  of  the  soft  soap  is  not  effected  by  salting, 

but  the  solution  is  simply  evaporated  to  the  necessary  consistency. 

common  salt  was  used,  the  soft  soap  would  then  be  converted  into 

y  haid  soda  soap. 

Candles,  > 

Stearic  acid  is  commonly  employed   in  preference  to  tallow  for 
andles,  because    it  fuses  at  a  much  higher  temperature   15d°  F. 

1170  5=^  a> 

L  The  old  pmcsBs  of  Saponifimtion  by  Lime. — The  melted  tallow  ia 
mixed  with  lime  and  water,  and  the  mixture  subjected  to  the 
iion  of  superheated  steam.     In  this  way  an  insoluble  stearate  and 
leate  of  lime  are  formed.     These  are  then  separated  from  the  soiu- 
which  contains  the  glycerin,  and  are  decomposed  by  the  action 
if  sulphuric  acid.    The  mixed  stearic  and  oleic  acids  set  free,  are  sub- 
itted  to  pressure  in  a   hydraulic  press,  whereby  the  oleic  acid  is 
peezed  out,  and  stearic  acid^  mixed  with  more  or  less  palmitic  acid, 
attained. 

n*  Ths  process  called  Saponification  by  Sulphuric  Acid, — ^The  fats 
oil,  cocoa-nut  oil,  or  any  kind  of  refuse  fat),  are  first  mixed  in 
Pper  boilers  with  about  one-sixth  their  weight  of  sidphuric  acid,  and 
Ifte  mixture  heated  by  steam  for  some  time  to  350*^  F.  (176-1'*  C). 
phe  sulphuric  acid  converts  a  part  of  the  glycerin  into  sulpho-glyceric 
(CiHgOj-SOa),  and  decomposes  the  remainder,  a  mixtui^  oi  ctm^^J 
ftric  and  oleic  acids  remaioing  (probably  aA  ft\A^Vo*Qi^^w 


4jy|}  BmSOoir  of  modbbw  chemistry.         ^^^^^^^^b 

together  with  a  solid,  fatty  acid,  called  tlmdte  aeid^  isomeric  witli,15c^ 
derived  from  the  Hquid  oleic  acid.  Thus  it  will  be  noted  that  the  quantity 
of  solid  fate  obtained  by  this  proceas  is  increased.     These  fatty  acidqS 
after  being  collected  and  well  washed^  are  distilled  in  a  current  cn^ 
steam  heated  to  600°  F.   (315-5°  C),  the  oleic  acid  being  removed 
from  the   distillate   by   presBure.     A  pitchy  matter  remains  in  the 
retort,  which  is  used  in  the  manufacture  of  black  sealing-wax. 

TTT.  Sapomfication  (so  called)  by  Steam. — ^The  advantage  of  this  pro- 
cess is  that  the  glycerin  can  be  obtained  at  once  in  a  pure  state.  It 
consists  in  merely  distilling  the  fat  by  the  action  of  superheated 
steam  at  eOO"*  F.  (315*5°  C),  when  both  glycerin  and  fatty  adds 
distil  over.  After  the  distillate  has  stood  for  a  short  time,  the  fatty 
acids  collect  on  the  surface  of  the  glycerin,  and  on  removal  may  be 
at  once  subjected  to  pressure  to  separate  the  oleic  acid.  The  glycerin, 
as  obtained  by  this  process,  is  £t  for  the  market. 

1 

The  Taniiiiis, 

The  Tannins  are  a  class  of  amorphous  bodies,  widely  distributei!, 
coEBtituting  the  astriDgent  prinmples  of  plants.  Our  knowledge 
of  these  bodies,  which  are  probably  modifications  of  tannic  acid,  if 
very  limited.     The  folio wiog  special  reactions  are  to  be  noted ; — 

L  They  have  all  a  slightly  acid  reaction,  and  a  very  astringent  taste. 

2.  They  yieid  a  blue-black,  and  in  some  cases  a  green  precipitate, 
with  ferric  salts. 

3.  They  precipitate  albumen  and  gelatine  from  their  solutions. 

4.  They  form  leather  (a  substance  having  a  power  of  resisting 
putrefaction)  with  animal  membranes.  [Note.— Gallic  acid  has  M 
8uch  power.] 

The  tannic  acid  of  the  oak,  (gallotannk  acid ;  C.^B,2^0^^%  or,  wl 
is  more  probably  a  glycoside  of  tannic  acid^  is  extracted  by  a  m: 
of  water  and  ether  from  certain  growths  called  **  nut-gaUs^'*  occurri 
on  the  leaves  of  the  Quercus  (n/ectonaj  and  said  to  be  produced  by 
puncture  of  an  insect. 

Tannic  acid  is  a  yellowish  amorphous  mass,  resolved  by  heat  m^ 
carbonic  anhydride,  pyro gallic  and  metagallic  acids.     It  is  soluble 
water,  the  solution  reddening  litmus.     When  boiled  with  acids 
with  a  strong  solution  of  potash,  it  splits  up  into  glucose  and  gallic 
the  same  change  occurring  spontaneously  when  the  powdered 
mixed  with  water,  are  allowed  to  ferment.     This  fermentative  pn 
results  from  the  presence  in  the  nut-galls  of  a  mtrogenized  bodfi 
capable  of  acting  as  a  ferment.     The  glucose  formed  ultimately  undei 
goes  alcoholic  fermentation. 

The  tannins  that  turn  ferric  salts  blctck,  yield  ppvgalhl  (CfiH^jOs)  o^^ 
dry  distillation ;  whilst  those  that  turn  ferric  salts  grten,  yield  p^f^^^ 
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% — This  consists  of  a  inixture  of  nut-galls  with  water,  gum,  and 

ferrous  sulphate,     By  standing,  the  ferrous  salt  is  conyerted  into  a 

ferric  salt,  and  a  black  tannate  of  ferric  oxide  (?)  formed.     A  trace  of 

creosote  is  usually  atlded,  to  prevent  the  ink  becoming  mouldy.     The 

brown  colour  of  old  ink  is  due  to  the  oxidation  of  the  tannic  acid, 

^Heaving  simply  tlie  brown  ferric  oxide»     Ink  leaves  an  iron-mou!d 

^Mtain  wherever  it  has  fallen  on  linen  after  the  fabric  has  been  washed, 

^Bfrom  the  removal  of  the  tannic  a^id  by  the  alkali  of  the  soap. 

^^      Tanning, — The  skin  (that  is  to  say,  the  dermis  or  true   skin)  is 

converted  into  leather  by  the  action  of  tannic  acid  on  the  gelatine. 

The  leather  formed  is  tough,  resists  putrefaction,  and  is  impermeable 

to  water. 

(a.)  The  skin  is  first  soaked  in  lime-water  for  the  purpose  of  sapo- 
nifying the  fat^  and  dissolving  the  sheath  of  the  hairs,  so  that  their 
^^ removal  may  be  easily  effected, 

^h  (^.)  ^  fter  the  skin  has  been  cleansed  and  the  hair  removed,  it  ia 
^Blared  in  vei7  dilute  sulphuric  acid,  in  order  that  any  adherent  lime 
^Bnaj  be  neutralized  (otherwise  a  tannate  of  lime  would  be  afterwards 
^■formed),  and  also  to  ^' raise  the  skin,^'  that  is,  to  open  the  pores  to 
^■Mceive  the  tanning  liquid, 

^B  (y.)  The  skin  is  then  placed  in  an  infusion  of  oak-bark  (c^^u)  for 
^^a  few  weeks,  and,  fiaallj^  a  number  of  skins  are  arranged  in  layers 
^^m  a  pit,  coarse  ground  oak -bark  being  placed  between  each  skin, 
^■^metimes  sumach  (the  ground  shoots  of  the  rhus  coriaria)  is  used  In 
^^the  place  of  oak-bark.  On  removal  firom  the  pit,  the  skins  are  dried 
in  a  free  current  of  air. 

Currying  consists  in  wetting  the  leather  first  with  water,  and  after* 
razds  with  oiL     As  the  water  eYaporatoH  the  oil  siaka  into  the  skin. 
In  taivinf}  (as  in  the  preparation  of  kid  for  gloves),  the  lime  on  the 
is  removed   by  lactic  acid  (a  sour  mixture  of  bran   and  water 
being  commonly  employed).       The  skin  is  afterwards  impregnated 
rith  aluminic  chloride  (a  bath  of  alum  and  salt  being   oommoEly 
i),  which  effectually  prevents  putrefaction. 
In  ihanwyxng  (as  in  the  preparation  of  wash-leather),  the  skin  is 
I  first  sprinkled  with  oil,  and  then  beaten  with  wooden  hammers.     It  ia 
[afterwards  exposed  to  a   warm  atmosphere  in  order  to  dry  the  oil, 
linj  excess  of  oil  being  removed  by  a  iveak  alkaline  bath. 
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CHAPTER  XXV, 

THE  ETHERS. 

OxT-£TBiEas — BtberB    of  Monohydric    Alcohola — Preparation — Ethers  of  Di- 
Trihydric  Alcoliola.     SuLPHO-EriiERS.     Haloid  Ethers* 

L  Oxy-Ethers,  " 

These  ethers  are  the  oxides  of  alcohol  radjcala-  The  relationahip 
iiibsisting  between  a  metallic  hfdrate^  as  NaOH,  and  a  metallic  oxide^  u 
K%0,  has  its  counterpart  in  the  relationfihip  between  an  alcohol  (that 
is,  a  hydrate  of  an  alcohol  radical)  as  ethjfUc  alcohol^  CgH^  (OH),  and 
an  o^^f -ether  (that  is,  an  oxide  of  an  alcohol  radical)  as  eth^Uc  eihir^ 
(C2H5),0. 

Just,  too,  as  we  have  monohydric,  dihydric,  and  trihydric  alcoholsi 
BO  we  have  ethers  of  monohydric,  dihydric,  and  trihydric  alcohols 
reapectivoly. 

Ethers  of  BToixoliydric  Alcohols, 


fCH,)'(C,H.)'0 


Boning  Ft 

8p.Gr* 

'F. 

•c. 

^s*a 

--21 

1-617 

61-8, 
197*6 
96-0 

11 
92 
35-0, 

0"723 

17^-0 
233*6 
219-2 

179*6 

80 
112 
104 
176 

82 

Remarki. 


A  c<ilorl«ss  liquid.  Doei 
not  liquefy  at  — 1«*C. 
Bums  with  a  feebly  lumi- 
nous flame.  The  Tapor 
Lb  soluble  in  water  (3S  u^ 
1)»  alcobol,  wood 
and  fiulpburic  acid, 
fonns  AubstitotijOD 
pounds     with      CL 


A  oolorlesa,  tctj  ^ 
liquid;  will  not  freertll 
combustible;  vapor deo*l 
iity(air=l)2'/)86.  E**f 
plodea  when  mivod  vitt 
oxygen.  Soluble  in  i 
(1  in  10).      Mifcibleinl 
all  proportions  with  »!• 
coboL         Forms     v^jti  j 
H,80^,  Hulpliovinic  *^^*  I 
By  oxidation  from  ei- 
posure  to   air.  it  f« 
acetic  add,  and  by  < 
action  of  hot  nitric  i 
carbonic,  ncetic,  «nd  ox* 
oho  adds.  With  chlorinl  I 
it  forms  aubstitutioo  pro*  | 
dtiots. 


OXT-BTHSBS.  639 

Preparation  of  the  SimpU  and  Mixed  Mhere  ((General). 

(I.)  In  the  case  of  the  ethere  derived  from  the  alcohols  of  the  methylic 
series  (CaHga+iOH),  or  of  the  vinylic  series  (CnH2n_iOH). 

Preparation, — By  the  action  of  sulpliuric  acid  on  the  alcohol.  The 
process  takes  place  in  two  stages : — 

(a.)  The  sulphuric  acid  first  converts  a  portion  of  alcohol  into  a 
sulpho-acid. 

C«H5(0H)       +       H3SO4      =      C2H5HSO4      +       H«0. 

Ethylic  alcohol      +       Sulphuric      =  Sulpho-ethylic  acid  +        Water. 
acid  (sulphoyimc  acid) 

(/3.)  This  sulpho-acid  then  reacts  on  a  fresh  portion  of  alcohol. 

CAHSO4     +    C^H^COH)    =    {Q^ll,\0    +     H2SO4. 
Sulpho-ethylic  acid  +  Ethylic  alcohol  =  Ethylic  ether  +  Sulphuric  acid. 

[Note. — ^A.  That  the  sulphuric  acid  concerned  in  the  first  stage  of 
the  reaction  is  set  free  in  the  second  stage.  Thus,  theoretically,  a 
small  quantity  of  acid  should  convert  an  unlimited  quantity  of  alcohol 
into  ether. 

B.  That  by  boiling  the  ethers  with  dilute  sulphuric  acid  they  are 
converted  into  their  corresponding  alcohols.     Thus  : — 

(a.)  (CjHO^O       +       2H,S04     =     2[(C,H,)HS04]   +   H,0. 

(/3.)  (C2H,)HS04     +     H,0    =     H«S04     +     C^H^COH).] 

(H.)  In  the  case  of  ethers  derived  from  the  alcohols  of  the  ethylic  series 
(CJBI^+iOH),  of  the  vinylic  series  (CnHgn-iOH),  and  of  the  benzylic 
Hries  (CjaL^^tOR), 

Preparation. — By  the  action  of  an  iodide  derivative  of  the  cor- 
responding hydrocarbon  on  the  sodium  or  potassium  derivative  of  the 
eorreaponding  alcohol. 

ThuSy  say  we  wish  to  prepare  ethylic  ether  : 

(a.)  By  the  action  of  sodium  on  ethylic  alcohol,  we  first  form  a 
sodium  derivative : — 

2C4H5.OH         +       Na^      =       2C2H5.NaO        +       Hg. 

Bthylie  alcohd        +      Sodium     =         Sodic  ethylic  +   Hydrogen. 

alcohol 

(fi.)  By  the  action  of  ethylic  iodide  (C2H5I)  on  the  sodic  ethylic 
ilooholy  we  form  ethylic  ether  and  sodic  iodide. 

CgH.(NaO)       +        CjHJ      =      (C^HOgO       +      Nal. 

Sodieethylio         +         Ethylic        =  Ethylic  +        Sodic 

•leolkol  iodide  ether  iodide. 

It  will  be  seen  that  a  simple  ether  is  formed  when  the    haloid 
ItnTaftiTe  aets  on  a  metallic  derivative  of  a  corresponding  alcohol, 
13        .f^  when  ethylic  iodide  acts  on  sodic  ethylic  alcohol,  ethylic  ether^ 
jifi^f  is  fbxmed ;  but  that  a  mioced  ether  will  be  pTod.\i(^^  ^\i»ii 
fts  haloid  dsri'^tiye  aets  on  the  metallic  derivative  oi  Bom^  isomeric 
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or  homologous  alcohol ;    e.  g.^  when  eihylic  iodide  acts  on  sodic  niethyU^ 
alcohol,  methylic  ethylic  ether  (CHj)(C^H5)0  is  formed. 

(III.)  Phenylic  etlier  is  prepared  by  fusing  together  phenol  and 
diazo-benzeno  sulphate.    Thus— 


Diasob^nxene 
■ulphiLte 


+ 
+ 


CfiH.COH)    = 
Phenol  s 


(CcH5),0     +    N,   -h    HeSO,. 


Phenylio 
ether 


•f  Nitro-  -|-  Sulphuriij 
gen  ftcdd. 


Ethers  of  Dihy  dric  Alcohols. 


Ether. 

Formula- 

Boiling  Pomt. 

^F. 

^C. 

Ethylt^nic 

Propylenic    . .     . . 
Amylenio      . .     . , 

55-4 

63*0 
171*0 

130 
350 
95-0 

Preparation  {^eneral)^ — By  the  action  on  the  glycols  (dihydrie  alco- 
hols) (a),  first,  of  hydrochloric  acid,  whereby  a  chlorhydvin  is  formed; 
and  (/3),  afterwards,  by  the  withdrawal  of  hydrochloric  acid  from  the 
chlorhydrin,  by  the  action  of  potassic  hydrate.  These  two  staged  are 
Been  in  the  preparation  of  ethylenic  ether,  as  follows  : — 


(aO 


Glycol 


+       IICl       ^     C2ll4(0H)Cl     4-     H,0, 


+  Hydrochloric  ^ 
acid 


Ethylenic  ohlor- 
hydrate 


Waber. 


(^.)  CeH,(OH)Cl  +  KHO  ^  QAUO  + 

Ethylenic  chlor-  +  Potassic  =:  Ethylenic  + 
hydrate  hydrate  ether 


XCl 

Potaaeic 
chloride 


Water. 


Ethylenic  Ether ; 

MohruUir  volmne^   \    J" 


Ethylmic  oxide  (C^H^O).     Molecular  tPeightf  4i 

J  .     Bvih  ai  56-3°  F.  (13"5°  C). 

Preparatio  n, — ( De ecri bed  above ) . 

This  ether  is  the  only  one  of  these  ethers  that  has  received  mi 

attention. 

It  combines  with  acids  as  a  base ;  thus,  Cgll^O+HCl  =0^114(011 
It  combines  tcith  waier  to  form  glycol;  thus^  C^,H^O  +  Ho0=C2ll4(0H)r 
It  precipitates  many  meUiitic  salts j  as  hydrates,  from  their  solutions; 

thus,  2a^U/)-l-  MgCI^+2H20^2[O^H4(On)Cl]  +  MglIA, 

With  nmcmt  hydrogen  it  forms  alcohol;  thus,C^n40  +  H^=:CgH5(0H), 
With  oxifgen  it  forms  glycollic  acid;  thus,  C5H4O  +  0g=0jjll4O3. 


Ether  of  the  Triiydric  Aleohok 

Glycylic  Ether,  ( 05115)20  ^,  is  the  only  ether  of  this  class  known. ' 
It  IB  prepared  by  liealmi^  \^^^^^x  ^Vj^ieiin  and  caloic  chloride,  the 
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calcic  chloride  abstraotiiig  three  molecules  of  water  from  the  glycerin. 
Thus— 

2(CsH,(0H)3)     =  3H,0  +  (CsHOA. 

Glycerin  =  Water  +  Glycylio  ether. 


n.— Sulpho-  or  Thio-Ethers. 

These  stdpho-ethers  bear  the  same  relationship  to  the  mercaptans 
as  the  ethers  bear  to  the  alcohols.     Thus — 

CjH^COH)  —  C^UyO.G^U, ;   C^H.CSH)     —    C2H4.S.C«H5. 

Alcohol        —  Ether  ;    Mercaptan        —      Sulpho-ether. 

Preparation. — (1.)  By  the  distillation  of  the  lead  derivatives  of  the 
mercaptans  [(CgH5S)gPb=(C2H5)2S  +  PbS]. 

(2.)  By  the  action  either  (a)  of  potassic  or  sodic  sulphide,  or  (/3) 
of  the  sodic  or  potassic  derivatives  of  the  mercaptans,  on  the  mono- 
haloid  derivatives  of  certain  hydrocarbons.     Thus  : — 
(a.)  2C2H5Br+K2S=(C2H5)2S+2KBr. 
03.)  CgH5l+C2H5(NaS)=NaI+(C,H5),S. 


m— Haloid  Ethers. 

These  ethers  are  alcohols  where  a  haloid  element  or  a  cyanogen 
group  has  been  substituted  for  a  semi-molecule  of  hydroxyl. 

These  compounds  are  formed  either  by  the  action  on  the  alcohols 
(a)  of  the  haloid  acids,  or  (fi)  of  the  compounds  of  phosphorus  with 
the  haloids ;  or  (y)  by  the  direct  substitution  of  the  haloids  for  hydro- 
gen in  saturated  hydrocarbons.     Thus  :— 

(a.)  C,H5(OH)  +  HCl=C2H5a+H20. 
(/J.)  30«H5.0H+PC1,=3C2H501+H,P05. 
(y.)  CH4+Cl2=CH,Cl+H01. 

The  preparation  of  the  nitriles  is  described  elsewhere. 

The  composition  and  properties  of  the  most  important  of  the  haloid 
H&BTB  have  been  already  described  under  the  several  hydrocarbons 
id  which  they  are  derivatives. 
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CHAPTER  XXVI 

THE  AXDEnYDES. 

(Alcohol  DEHTDBOostrATUH), 

The  Aldihtde« — Conititiilioii—Preparatiott— Relictions— Aldehydca  of  tlie  Acelie 
Beriev— Formic  Aldehydo— Aldetijdea  of  the  Aorylio  and  Beazole  Series— Otbtr 
Aldehydes. 

Tlie  aldehydes  are  formed  from  tho  alcohols  by  the  simple  with- 
drawal of  hydrogen.  Thus  an  aldehyde  occupies  an  intermediate 
position  hetween  an  alcohol  and  an  acid^  containing,  in  the  case  of  the 
aldehydes  of  monoh yd ric  alcobi»ls,  two  hydrogen  atoms  less  than  the 
correspondiisg  alcohol,  and  one  oxygen  atom  less  than  the  cot* 
responding  acid.     Thus— 

CH,,CIl£OII;  Cn^,COH    ;  ciij.cooa 

BtbyUc  alcohol ;  Aeetic  aldi^hydo  ;  Acetic  mcid. 

There  are  reasons  to  believe  that  the  hydrogen  of  the  aleohol  dis* 
placed  to  form  an  aldehyde,  is  the  H^  of  the  group  CIIgOH.  Hencd 
it  is  customary  to  represent  an  aldehyde  of  a  monohydric  aloebol 
by  the  formula  E'COll,  and  of  a  dihydric  alcohol  by  the  formalt 
Il"(C0H)2,  etc*  The  aldehydes  of  monohydric  and  of  dihydric  alcoholi  ^ 
only  are  l^nown. 

The  following  are  the  formulae  of  the  aldehydes  of  monohj 
alcohols : — 

Acetic  series  of  aldehydes  C„Ho„  +  ,COH, 
_  .  Acrylic  ,,  C,lL,,COIL 

C„ILn-5C01L 
Benzoic  „  CJI^^^COH. 

Preparation, — (General  methods.) 

(1.)  From  tJie  ukohola ;  by  oxidation,  as,  a.g.^  by  atmospheric 
by  the  action  of  chlorine  on  the  dilute  alcohol ;  by  the  action  of  dili^ 
sulphuric  acid  and  potassic  bichromate,  etc.     Thus — 

cjU(Oii)      +      0      =      cn,coH      +      H,a 

Eihylic  alcohol         +      Oxygen     ^       Acotic  aldehyde       -|-         Water* 
(2.)  Frum  the  adds ;  by  the  dry  distillation  of  calcic,  aodic  or  poll 
formate  with  the  correapondiDg  metallic  salt  of  a  monobasic 
Thus— 


COH(OK) 

+ 

CH,CO(OK)     =     CII.COH 

•f     K^CO^ 

Potftssic 

-V 

Vo\u>fciii             ^          Acetic 

+       Fotasue 

formate 

ace\A^Jb                          i^hi^s^^^ 

carbooalii. 
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-Rwcfion*.— (1.)  Their  conversion  into  the  corresponding  alcohols. — By 
the  action  of  nascent  hydrogen  (e.g.,  by  the  action  of  water  on  sodiom 
amalgam).     Thus — 

CH3COH         +         H,         =         C«H,(OH). 
Acetic  aldehyde        +     Hydrogen     =        Ethylio  alcohol. 
(2.)  Their  conversion  into  the  corresponding  acids. — By  oxidation  {e.g., 
by  the  action  of  air).     Thus — 

CH,COH  +  O  =  CH3COOH. 

Acetic  aldehyde  -f-  Oxygen  ^  Acetic  acid. 

(3.)  Their  conversion  into  the  potassic  salts  of  the  corresponding  acids. — 
By  fusion  with  potassic  hydrate.     Thus — 

CHs.COH        +       KHO      =       CHsCOCOK)       +       H^. 
Acetic  +       Potassic        =  Potassic  +    Hydrogen, 

aldehyde  hydrate  acetate. 

(4.)  Their  conversion  into  chloraldehydes  (t.  e.,  Gl^  being  substituted 
for  O). — ^By  the  action  of  phosphoric  chloride.     Thus — 

CH3(C0H)       +       PCI5       =       CHaCCCleH)       +       PCI,0. 
Acetic  +    Phosphoric    =        Chlor-aldehyde.        +      Phosphoric 

aldehyde  chloride  oxy  trichloride. 

(5.)  Their  conversion  into  acid  chlorides. — By  the  action  of  chlorine 
or  bromine.     Thus — 

CHjCCOH)       +       dig       =       hoi       +  CH,(C0C1). 

Acetic              +    Chlorine    =  Hydrochloric  +  Acetyl 

aldehyde                                               acid  chloride. 

The  aldehydes  form  crystalline  compounds  with  the  acid  sulphites 
of  the  alkali  metals.  The  aldehydes  of  the  acetic  series  form  with 
ammonia  aldehyde  ammonias.  They  also  unite  with  aniline  to 
form  phenylated  aldines,  and  with  urea  to  form  ureides.  They  also 
combine  with  hydrocyanic  acid. 


Aldehydes  of  the  Acetic  Series  (C,H2.+.C0H). 

Fusing  Point. 

Boiling  Point. 

Name. 

Formula. 

op 

°C. 

°F. 

°C. 

Vormic  aldehyde    . 

H,COH 

iMtio 

CH3,C0H 

69-8 

21 

CX,C0H 
CMJa)COR 
C3H,(/3)COH 

118-4 

48 

fctjiic        „ 

167-0 

76 

laooiityric    „ 

143-6 

62 

(|^*lcnc         n 

C.H9(a)C0H 

C^„(^)COH 

C.H.3(a)C0H 

C.H,eO 

217-4 

103 

vomlerie     „ 

199-4 

93 

Bvraio        y. 

249-8 

121 

^*<inthylic  « 

10-4 

-12 

305-6 

152 

7110       „ 

352-4 

178 

Aic       „ 

C^H3,0 

126-6 

62 

I 
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ffUnaio  Aldehyde  {Methylic  Aldehyde)  HOOH.    A  gaseous  bod^. 
Preparation. — ^By  the  action  oi  an  incandescent  platinuox  ^Vx^  on  ^ 
ctnre  of  tdr  and  the  vapor  of  methyliG  alcohol. 


Acetic  (or  Ethylic)  Aldehyde  (CH^.OOH)  (often  simply 

aldehf/df.)     MtdetuUtr  wcijht^    41,     MiJerular  volunnf    \    \     {  .      Sp^ 
0-805,    ^<w7«a*69-8°R(21°a). 

Properties. — A  colorless,  volatile  and  very  acrid  liquid,  soluble 
water  iu  all  proportions,  having  a  neutral  reaction,  but  becoming  i 
(acetic  acid)  on  exposure  to  ain  80  great  is  its  attraction  for 
ox  J  gen  tbat  it  reduces  the  salts  of  silver  to  the  metallic  etate.  Thus 
by  heating  a  mixture  of  aldehyde  and  argentic  nitrate  with  a  trace  of 
ammonia  in  a  test  tube,  the  silver  is  deposited  as  a  brilliant  metallio 
mirror  on  the  sides  of  the  tube.  When  treated  with  potaasic  hydrate, 
aldehyde  is  decomposed,  and  a  brown  substance  formed,  called  *'  reain 
of  aldehyde."     With  hydrochloric  acid  it  forms  aldol  (C^HtjOj). 

There  are  three  isomeric  modifioatioos  of  aldehyde,  viz. — 

MHaUkhjik;  crystalline;  sublimes  at  248'' F,  (120^  C). 

Paraidth/dt: ;  liquid;  boils  at  257^  F.  (125^  C). 

Elahhhjde;  crystalline;  fuses  at  35  •6'' R  (2^  C/) ;  boils  at  201* 
(94^  C). 

Chloral,  CCl5(C0H).— By  the  action  of  chlorine,  aldehyde  is  ' 
formed  into  the  compound  called  chloral  or  trichioraldehyde,  the  Hi 
of  the  CH3  being  replaced  by  CI3.     Thus — 

CHs.COH  ;  CCls.COIL 

Acetic  aldehyde;  CLloraL 

Properties.— Q\i\QTdl  is  a  colorless  liquid  (specific  gravity  1*5)  boiling 
at  201-2°  F.  (94°  C).  It  combines  rapidly  with  water  to  form  dklml 
hydrate t  CCl;jCIl(OIl)^.  By  oxidation  it  forms  trichloracetic  acH 
CCl3C0(01I),  and  by  the  action  of  nascent  hydrogen  it  is  reduced  w 
aldehyde.  By  the  action  of  alkalies  it  is  at  once  decomposed  inta 
chloroform  and  a  formate  (COl3COH  +  KHO=CCl3H  +  HCO(OK)). 

Acetal. — When  gaseous  hydrochloric  acid  is  passed  into  a  solutioA 
of  aldehyde  in  anhydrous  alcohol,  a  compound  of  aldehyde  and  ethjB 
chloride  is  formed,  which,  by  heating  with  sodic  ethylate,  form«  \ 
compound  of  aldehyde  and  ethylic  oxide  called  acetal  (C^HuOj)  j 
CgIl4(0C2Ha)e.  Acetal  is  a  colorless  liquid  ;  specific  gravity  0*82ll 
boiling  at  284^  F,  (I4t>^  0.).  Under  the  action  of  platinum  black  J 
forms,  firstj  aldehyde,  and  afterwards  acetic  acid. 

Aldehydes  of  the  Acrylic  Series  (C„Ha,_|COH). 
Of  this  series  two  members  are  known. 


Name, 

Fonuula. 

Boiling  Point. 

op 

°a 

Acrylic  aldehyde             CaH^O 
(Acroifcin). 

Cmtonic  aldehyde           C^O 

126-5 

£2-5 
^  104-5 

A  colorten  mobile  liquid, 
oxidation    it    forma    ten 

\ 
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Aldehydes  of  the  Benzoic  Series  (CJlsa-jCOR). 

The  following  members  are  known  : — 


Boiling  Point. 

Aldehyde. 

Fommla. 

*»F. 

^'C. 

Benzole     . .     . . 

C,H,(COH) 

36610 

1800 

Preparation, — (I.)  By  the  ox- 
idation of  amygdalin.  (2.)  By 
digesting  bitter  ftlmonds  witn 

(Bitter  almond 

oa;BeiiMlde- 

hyd«). 

water  (action  of  synaptaee  on 
amyffdalin).  Properties. — ^A 
colorlesa  liquid,  8p.  Gr.  1043. 
Absorbs  oxygen  from  the  air, 

becoming  benzoic  acid. 

Pamtolnic . .     . . 

aH.(CHJ(COH) 

CeH.CH:(COH) 

C,fl,(t!,H,)(COfl) 

399*2 

2040 

Alpbm-toliiic     . . 
Cnnuo       •  • 

456*8 

2360 

Present  in  the  essential  oil  of 

cumin,  and  in  that  of  the 

water  hemlock. 

Sjeoeerylio 

C.,H^O 

Salicylie  aldehyde  (salicylol),  an  oxy-benzoic  aldehyde  C6H^(0H)C0H, 
is  a  fragrant  oil,  boiling  at  3857°  F.  (196*5^  C),  found  in  the  flowers 
of  the  meadow-sweet  (spiraa  ulmaria).  By  oxidation  it  forms  salicylic 
acid. 

AtiUie  aldehyde  (C6H4(0CH3)C0H)  is  a  fragrant  oily  liquid,  boiling 
at  476-6°  F.  (247°  C),  formed  by  the  oxidation  of  oil  of  aniseed. 


Aldehydes  of  Series  (C.H^.gCOH). 

This  indndes  cinnamic  aldehyde,  CH(C6H5)CH.COH,  the  essential 
constitaent  of  oils  of  cinnamon  and  cassia.  By  oxidation  it  forms 
oixmamic  aoid. 

Aldehydes  of  the  Dihydric  Alcohols. 

Of  these  the  only  one  of  any  importance  is — 

Glyoxalf  or  oxalic  aldehyde  (COH)^,  which  may  be  prepared  by 
oxidizing  alcohol  with  nitric  acid.  It  forms,  by  oxidation,  glyoxalic 
acta,  COH(COOH). 
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CHAPTER  XXVII. 


THE  KETONES. 

ConstittttioiD — Geoorol  PrepuiitioD — Prop<!rti«  &diI  RcactioQ». 

A  ketone  is  a  derivatiTe  of  an  aldeliyde,  in  which  the  hj 
atom  of  the  group  COH  is  replaced  by  an  alcoliol  radical.    Thmij 

Acetic  aldehtfde,  CH^COH,  forms  (CHs)|CO,  acttofie. 
Propionic  aldehi/de,  C^U^OOU,  fonna  (CjU^XjCO  diethyl 

The  ketones  may  also  be  regarded,  either  as  compounds  of  curl 
oxide  with  monad  alcoholic  radicals,  as  (CH3)^,C0»  or  aa  com 
of  alcohol  radicals  with  acid  radicals,  as  CHj.C5H;jO  (acetuno). 

The  following  are  the  ketones  heat  knowa.     They  correspond 
aldehydes  CJl5i^4  i.COH,  or  to  the  fatty  acids  CJIaa^iCOOH. 


itdV 


KAME, 


Formula, 


Boiliiif  ] 


Diraelliyl  ketone  (ncetone} 

Methyl  ethyl  ketone     . . 

„  /  Methyl-ifiopropyl  ketone 

S  I  Methyl  propyl  ketone  . , 

^  \  Diethyl  ketone  (prapione) 

,  o  (  Methyl  butyl  ketone    . . 

•^  3  (  Ethyl  propyl  ketone     , , 


m   <if 


g  /  Methyl-isoamyl  ketone . 


IB     <U 


£  (  Dipropyl  ketone  {hutyrone) 


|CHJCH^ 

ck 


CO 
CO 
CO 
CO 
CO 


CO 
CO 
CO 


199  4 

212  0 
260-6 

2624 

aiio 
^1*1 


m 


Acetone,  the  ketone  of  acetic  acid,  h  the  only  one  of  thea#  1 
that  has  received  particular  attention*     It  is  a  colorless,  limpid  1 
hanng  a  specviic  ^avity  of  0*792,  and  a  vapour  density  (ftir=ll 
2*022.     It  WxTis  NVilV  Bt\»Ti^X  ^Ms\fe,  ?ia^4.  mixes  with  vratofi  tio 
and  ether  in  aU  ^toi^oTl\oT\%. 


m 
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We  may  here  note  the  general  preparation  and  reactions  of  the 
ketones  of  the  C0(CnHj„+j)2  group. 

Preparation. — 1.  By  the  action  of  carbonic  oxide  on  the  sodium 
organo-metallic  compounds,  such  as  sodium  ethjle.    Thus : — 

2NaC2H4      +  CO         =     Naj     +      C0(C2H5),. 

Sodium  ethyle    +    Carbonio  oxide    =    Sodium    +    Diethyl  ketone. 

2.  By  the  action  of  the  acid  chlorides  on  the  zinc  Organo-metallio 
compounds.    Thus : — 

Zn(CH3)8      +    2COCH3CI    =        ZnClj         +  2[CO(CH3)J. 
Zindo  methide    +    Acetic  chloride    =s    Zinoio  chloride    +        Aoetone. 

3.  By  the  oxidation  of  the  secondary  monohydric  alcohols.  Thus : — 
CH(CH3)2(0H)     +  0  =       H2O       +     C0(CH3)8 

Iflopropyl  alcohol        +        Oxygen       =       Water        +        Acetone. 

4.  By  the  distillation  of  the  baric  or  calcic  salts  of  the  fatty  or  other 
monohydric  acids,  or  mixtures  thereof.     Thus : — 

(a.)  Ca'XCgHsO,)^  =  CaC03  +    C0(CH3)2. 

Calcic  acetate       =       Calcic  carbonate        -f        Acetone. 

03.)  Ca'CCsHjO^)^  +Ca"(C8HA)«=     2CaC0,     +2C0  {  ^^ 

Caldo  valerate    +  Calcic  acetate     =  Calcic  carbonate  +  Methyl-butyl 

ketone. 
General  properties  and  reactions. 
Eletones  differ  from  aldehydes  as  follows : — 

1.  That,  whereas  aldehydes  form  acids  by  spontaneous  oxidation, 
ketones  do  not. 

2.  That  whereas  aldehydes,  by  reduction  with  nascent  hydrogen, 
famish  primary  alcohols,  ketones  furnish  secondary  alcohols. 

3.  That,  whereas  aldehydes  reduce  ammoniaoal  solutions  of  argentic 
oxide,  ketones  do  not. 

Ketones  resemble  aldehydes  by  forming  crystalline  compounds  with 
^Irfdrie-sodic  or  hydric-potassic  sulphite  (bisulphites),  from  which 
the  ketone  may  be  afterwards  liberated  by  an  alkali. 

With  hydrocyanic  acid  the  ketones  form  cyanides,  which,  when 
figested  with  hydrochloric  acid  and  water,  form  acids  of  the  lactic 
iones. 

With  ammonia  the  ketones,  when  heated,  form  basic  compounds. 
Ihns  acetone  forms  the  base  acetonine.    Thus : — 


8C,H«0    + 

2NH, 

= 

CgHigNg 

+ 

3HjO. 

AoeUme       + 

Ammonia 

= 

Acetonine 

+ 

Water. 
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CHAPTER  XXVIII. 

THE  ALKALOIDS. 


i 


)  Katural  Alkaloids,  Yeg^Uble  and  Atilmal— ConstitiitioD  of  the  Alkalmdt— Tlw 
Aroinea  (Aniline) — PbcMfphines— ArBinea— Stibinea  —  Bitmuthinea  —  Kakodjl  — 
Qrgano- Boron  and  Organo-SOicon  Compoundi — Organo  Metallic  CoKopoundi— 
Amidea  — Imidea^AikAliiniides  — Nitiilos— Teata. 

We  sLall  examine  the  organic  baaes  as  foUowa  ; — 

L  The  natural  organic  alkalies,  or  alkaloids. 
2.  The  artificial  organic  has^a* 


ORGANIC  ALKALIES;  THE  NATURAL  ALKALOIBS. 

Defifiitim, — A  group  of  organic  bodies  containing  nitrogen,  tbeii 
solutions  having  an  alkaline  reaction,  and  capable  of  oombining  with 
fialt«  to  form  acids, 

Htstortf. — 111  1803,  Deroane  disf^overed  narcotine ;  in  1816,  Sertumer 
discovered  morphia;  since  which  time  numerous  alkaloids  have  beet 
discovered  by  Pelleti^r,  Robiqiiet,  Caventou,  etc. 

Natural  i/i>/ori/.— Tliey  are  found  in  all  parta  of  the  vegetable 
and  constitute  the  active  ingredipata  of  plants.  They  exist  in 
combination  with  organic  acids,  which  are  often  as  peculiar  to  thf 
family  as  the  alkaloids,  e.g.^  morjihia,  etc.^  with  mecouic  acid ;  quinine, 
etc.,  with  kinic  acid  ;  strychnia  with  igasuric  acid ;  atropine  mlh 
jnalic  acid,  etc. 

A  few  alkaloids  are  found  in  the  animal  kingdom,  such  as  uret* 
kreatine,  etc. 

Preparation. — The  Jixed  alkaloids  are  extracted  from  the  plant,  either 
by  water,  or  by  dilute  sulphuric  or  hydrochloric  acid.  From  thii| 
(solution  the  alkaloid  is  precipitated  by  an  alkali,  or  by  an  alki 
eaith,  such  as  magnesia.  The  precipitate  is  then  again  dissolved  i 
a  dilute  acid,  deeolorized  with  animal  charcoal  (which  must  be 
very  sparingly,  owing  to  its  great  power  of  absorbing  the  alkaloid 
and  their  salts),  and  roprecipitated  from  the  solution  with  an  alkftl 
The  precipitated  alkaloid  is  then  dissolved  in  boiling  alcoholi 
solution  filtered,  and  the  alkaloid  crystallized  from  the  solution. 

The  tolaith  alkahids  are  prepared   by  distillation   from  the  pl« 
with  a  very  weak  alkali.     The  distillate  is  always  more  or  less  i 
moniacal  from  the  decom^oftvlVou  ol  a.  ^t\.\QtL  q€  the  alkaloid* 
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eutraiiiatioB  with  oxalic  or  sulphuric  acid|  the  distillttte  is  evaporated 
to  dr^'DOfis,  The  residue  m  now  treated  with  alcohol,  and  the  upper 
layer  of  the  mixture  drawn  off,  filtered  to  separate  extraneous  matters, 
and  again  evaporatod.     This  is  treated  with  a  mixture  of  ether  and 

potaasic  hydrate  solutioD,  the  latter  for  the  purpose  of  oombining 
with  the  acid,  and  the  former  to  dissolve  the  alkaloid  set  free.  The 
ethereal  layer  is  then  decanted  and  evaporated. 

Properties, — (a.)  Semsihte  and  Physical.  All  the  alkaloids  are  solid . 
except  the  three  which  contain  no  oxygen,  viz.,  nicotiDe,  conia,  and 
sparteine.  They  all  crystallize  easily  from  alcoholic  aolu lions,  except 
quinia,  which  crystallizes  with  difficulty,  and  quinoidine»  which  is 
not  crystalline.  None  of  them,  except  the  three  liquid  alkaloids 
mentioned,  have  any  odor.  Their  taste  is  generally  more  or  leas 
itter.     Their  physiological    action   is   very  energetic.     In    treating 

es  of  poisoning  by  them  we  may  say,  generally,  that  the  stomach- 
pump  and  emetics  are  indicated,  as  well  as  astringent  liquids,  such 
as  strong  tea,  etc.  Tannic  acid  precipitates  most  alkaloids  from  their 
aqueous  solution. 

Action  of  Heat. — Conia,  nicotine,  sparteine,  theine,  and  caHeine 
Bublime  by  heat  unchanged  :  hyoscyamine,  cinchonine,  and  some 
others  partially  sublime;  piperin,  when  heated,  yields  piperdin, 
Ail  the  alkaloids  are  decomposed  (ammoniacal  compounds  being 
Ibrmed)  if  the  heat  applied  be  sufficient. 

Action  of  Light. — The  alkaloids  generally  have  a  powerful  influence 
on  a  polarized  beam,  some  turning  it  to  the  right  and  some  to  the  left. 

Quinine  solutions  are  remarkable  for  their  fluorescence. 

Aeii&n  of  Elcciricitif. — The  salts  of  the  alkaloids  (like  othei  salts) 

I  liberate  the  base  at  the  pi  a  ti  node  of  the  battery. 
I  Action  of  SohenU. —  Wa(et\  The  alkaloids  generally  dissolve  in 
^aier  very  slightly,  nicotine  being  one  of  the  most  soluble.  Alcohol 
^ssolves  them  all,  but  in  varying  proportions  j  thus  cinchonine  may 
be  separated  from  quinine  by  the  insulubility  of  the  former  in  cold 
alcohol.  Ether  dissolves  them  all  except  morphia,  cinchonia,  sabadilla, 
strychnia,  and  brucia.  Chloroform  dissolves  strychnia  and  most  of 
^^hose  soluble  in  ether. 

^B  Q3.)  Chtmieal.  The  solutions  of  tlie  alkaloids  have  generally  an 
^■alkaline  reaction,  They  act  as  bases,  forming  salts  with  acids. 
^■Kreatine  is  a  neutral  alkaloid,  and  not  basic. 

^H  Av^ion  of  Acids, — (1.)  Sulphuric  acid,  when  concentrated,  slowly  de- 
^■composes  them,  strychnia  excepted;  when  diluti,  it  dissolves  them  and 
^Blbrms  salts.  With  papavorin  it  strikes  a  deep  blue,  thus  distinguish- 
^Bing  it  horn,  all  the  other  opium  alkaloids.  (2.)  Nitric  acid,  somedmea 
IF  forms  nitrates  with  the  alkaloids,  and  sometimes  colored  compounds,  as 
J^  b  the  case  of  morphia,  etc.  (3.)  Hydrochloric  acid,  forms  with  many 
^HOf  them  additive  compounds.  With  morphia,  wlveti  \i^ate^  m  ft^B^^^A 
^Btubes,  it  forms  apomorphm.     Apocodeine  is  formed  ^3>f  \\i^  «bii\AsiVk  q1 
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the  acid  and  zinc  chloride  on  codeine.  (4.)  Organic  acids  combine  ynA 
many  of  them^  forming  generally  insoluble  salte.  For  example : — (a.) 
tannic  acid  precipitates  tlie  salts  of  morphia,  narcotine,  eodei&,  cin- 
chonioo,  quinine,  strychnine,  brucia,  conia,  emetine,  aconitine^  atro- 
pine, delphinia,  and  veratrine.  (/3.)  Carbcaotic  acid  precipitates  most 
of  the  alkaloids. 

Action  of  Alkalies. — ^Alkalies  decompose  mo«t  of  the  alkaloids 
heated  with  them  with  the  evolution  of  ammonia. 

A  ft  ion  of  Haloids, — (L)  Chlorine  usually  decomposes  them,  fo} 
hydrochloric  acid*  which  combines  with  the  base  itself  or  with 
substitution-compound  produced  by  its  action.  It  forms,  (a.)  with 
strychnia,  a  white  precipitate  ;  (/3.)  with  hrucia,  cinchonijic,  and  mftrpkia^ 
yellow  precipitates,  which  change  to  red,  and  then  to  yellow ;  (y.)  witli 
narcotin€f  a  pole  red  precipitate,  which  becomes  dark  red,  and  then 
brown ;  (c.)  with  quinine  (on  the  addition  of  ammonia),  an  emerald- 
g^een  solution* 

(2,)  Bromine  acta  in  most  respects  similarly  to  chlorine. 

(3,)  Iodine  combines  with  most  of  the  alkaloids  to  produce  an  ia- 
Boluble  yeUow  or  brown  compound  of  iodine  and  the  alkaloid,  TLis 
was  first  noticed  by  Pell e tier  in  the  case  of  strychnine,  and  wns 
further  investigated  by  Bonchardat,  Hcrapath  has  pointed  out  that 
the  crystalline  compound  of  iodo-sulphato  of  quinine  (HerapathiteJ 
0..oHn4Nor><2l^.HoS04(H.^O)5  exerts  a  powerful  polarizing  action  oa 
transmitted  light. 

Action  of  mMallic  aalts, 

(1.)  PUtinic  cJdorids,  forms  crystalltne  compounds  with  the  cUo- 
ridos  of  the  alkaloids- 

(2,)  Mercuric  chlondt,  forms  double  salts  with  the  chlorides. 

(3,)  Auric  chloride-,  m  some  caseSi  produces  a  oharacteriatic  oolcKKi 
precipitate.  Thus,  with  morphia,  it  produces  a  green ;  with  strych- 
nia, a  yellow,  etc. 

(4.)  Ferric  chloride,  forms  a  green  compound  with  morphia. 

Action  of  nascent  ojygen, — Nascent  oxygen  decomposes  many  of  the 
alkaloids,  new  compound b  being  formed*  With  strychnia,  morphia, 
etc.,  it  gives  a  characteristic  series  of  tints,     {Sec  page  10.) 

The  vegetable  alkaloids  are  extensively  used  in  medicine.  As  an 
antiperiodic,  quinine  is  esteemed  of  great  value,  Tho  ordinaiy 
sulphate  of  quinine  is  a  basic  sulphate,  and  has  the  formuU 
(C.,,ng^NeOe).;H,^804,8H.p.  It  is  very  slightly  aoluble  in  water.  Oa 
adding  a  few  drops  of  sulphuric  acid  to  the  basic  sulphate  suspended 
in  water,  a  neutral  sulphate  is  formed  (CaoHjj^NgOojH^SO^iTH^O),  ] 
which  is  freely  aoluble.  The  tincture  of  quinine  (B.P.)  is  an  alcohoiic 
solution  of  the  basic  sulphate.  The  tinctura  quinro  ammoniata  (B^P) 
is  an  alcoholic  solution  of  quinia  precipitated  by  ammonia  from  a  solu- 
tion of  a  salt.  The  vinum  quinsB  is  a  mixed  solution  of  the  neotrJ 
sulphate  and  citrate/ 
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(A.)  Alkaloids  of  Vegetable  OrigixL 

(1.)  The  Tolatile  liquid  alkaloids  wluch  do  not  contain  oxygen : — 


SAUE, 

Formula. 

Source. 

Properties,  etc. 

ie       . .     . . 

C.,H„N, 

Tobacco  (2-8  per 

A  colorless   oily  liquid,  boiling  at 

ceut.; 

464''  F.  (240''  C).  8p.  Gr.  1027. 
Soluble  in  water,  etc. 

(conia)      . . 

C^uN 

Hemlock  (conium 

A  colorless  liquid,  boiling  at  413*6'* 
F.  (212*  C.).    Sp.  Gr.  0-89.    An 

maculatum) . 

by  distilling  dibutyraldine,  a  body 

formed  by  digesting  normal  butyric 
aldehyde  with  an  alcoholic  solution 

of  ammonia.    By  oxidation  oonine 

yields  butyric  acid. 

ne      . .     . . 

C.JH,N, 

Broom  (spartium 
scopanum). 

(2.)  The  solid  alkaloids  containing  oxygen,  arranged  according  to 
heir  Natural  Orders : — 


IfAME. 

Formula. 

Source. 

Properties,  etc. 

Quinine  turns  the  plane  of  polariza- 

^fl^onaowB; 

tion  to  the  left ;  cinchonine  to  the 
right.    Quinine  is  less  disposed  to 

e 

c«n^NA 

Cinchonas,  especi- 

ally cinchona  cor- 
difolia. 

crystallize,  and  is  more  soluble  in 

water  than  cinchonine.      Quinine 

'  diBsoWes  in  cold  water  (1  in  360), 
and  in  alcohol  (1  in  2).  Cinchonine 

nine    ..     .. 

C,oH«N,0 

Cinchonas,  especi- 

ally cinchona  con- 

is  insoluble  in  cold  water,  and  dis- 

soWes  in  boiling  alcohol  (1  in  36). 
Cinchonine  melts  at  22r  F.  (lOfi'* 
C). 

Quinidine  turns  the  plane  of  polariza- 

ine    • .     . . 

Isomeric  c. 
Isomeric  c. 

Ditto. 

midine 

Ditto. 

tion  to  the  righty  and  cinchonidine 

cinchonine 

to  the  left. 

'  Formed  by  the  action  of  a  tempera- 
ture of  248-266'*  F.  (120-130*  C.I 
for  sereral  hours  on  quinine  an<i 

ine      .... 

Isomeric  c. 

Ditto. 

quinine 

cinchonine,  or  on  quinidine  and 
cinchonidine.    The  action  of  theM 

midne..     .. 

Isomeric  c. 

Ditto. 

bodies  on  a  polarized  ray  resembles 
that  of  quinidine  and  cinchonidine, 

cinchonine 

but  to  a  very  much  less  marked 

extent 

Idine    . .     . . 

Isomeric  c. 

Ditto. 

Called     ehinoidine     or    amorphona 

quinine 

quinine.  A  brown  mass,  insoluble 
in  water,  soluble  in  ether,  alcohol, 
and  dilute  acids.  Prepared  by  the 
action  of  heat  on  quinine. 

e   (dnchora- 

)  .:  ..   .. 

C,oH«N,0, 

Cusco,  or  arica  bark. 

oe        ..     .. 

1 

Ipecacuanha  root. 

^^^0da 

1                 NAME. 

FonaulA. 

8ouroe, 

Propertica,  ete. 

I           a:)  Fnpftv©r»oe», 

^^^    Moiphm  imorplune) 

C^fl^O, 

From    opium,    the 

Forma  prifimatiG  ciystali ; 

^^H 

iospisfiated    Juice 

wai^  {I  in  1000);    noli 

^^H 

&offl  the  capsule 

and  alkalme ;    eoiuliiv 

^^^K 

of     the    papaver 

(1  in  30) ;  fi^lj  iq|^H 

w 

somnlfenim. 

acids  aod  in  excesa  ^^H 
hjrdratee.     Melts  «^^H 
tearing  a  small  ea«^^H 

^^^    ^Apomorphui) 

C,,H„NO, 

Ditto. 

Ftepared  by  beatingVH 
aealed  tube  with  h?dfo9 
to '4(ir  F.  (160'C.}.     J 
ble  (uriUkti  morpbiA)   ■ 
ether,  and  cblorofono.^ 
a  narcotic^  but  an  eo&etH 

■         Codoine 

C.AiI^O, 

Ditto. 

Prepared   from    the    fnon 
from  which  the  iii/Qe||fl 

tals.     Soluble  in  wi^H 

^^^L^^ 

^^^^^^L 

60'  F.,  and  1   in   IT  at 

^^^^^Hp 

solatioa    alkaline.       Fj 

^^^^^^^ 

with   Bcida.     It  yielda  i 

^v 

by  prolonged  heatiajp  w 
cJbloriG  acid. 

■        (Apocodebe) . . 

C,.H,,NO, 

Diita. 

Prrpiii^d  by  heating   coi 
hydrochloric  iicid  and  ( 
zinc.    A  mild  emeiic 

K        Karootine      , .     , , 

C^H^O, 

Ditto, 

Prepared  from  the  inaoln] 
(mare)  of  opium  by  b<3il 
acidf  and  precipitatioti 
monia.     Nearly  insoliibl 
(I  inl2aat  212'  F.). 
acids,  but  iis  bade  powa 
feeble.    With  iiia]^|||H 
and  n«SO„  it  Ibrj^H 

1         Thebaine  (paramOT- 

■             phuie)        .«      .. 

C,,H,,NO, 

Ditto, 

Insoluble  in  water ;  leiiibll 
bol  and  ether.     It  u  stmfl 
line  and  forma  crrttaUd 
with  acjds.     It    11  ^^H 
moat  active  of  the  ag^H 

^^H^MM^pe   ..     ,. 

r„H„NO, 

Ditto. 

^^H 

^^^BSSES^bine . . 

€i,H^„NO, 

Ditto. 

^^^M 

^^^Hn  tlNM&0 

c^ni^^o; 

Ditto, 

^^^M 

^^^Kodamine      . .     * . 

C^«NO, 

Ditto. 

^^H 

^^^Ut&athopine  ..     •• 

C„H„x\0, 

Ditto. 

^^H 

^^^Uiaudanbe     . .     . . 

C^H,,NO, 

Ditto. 

^^H 

^^^PfeeonidiDe   ..      .« 

C^E^NO* 

Ditto. 

^^H 

^^^^^piamne 

Ditto,             1 

^^H 

^^HPurpb  jroxine 

Ditto. 

^1 

■  (e.)  Solatiaoe». 

■  Bfyoftcyanune  (Da*  \ 

■  ttirint)       ..    ,.  f 

^1 

C,,H^NO, 

HyoRcyamuft  niger. 
Datura  etnunnniuui. 

^1 

^^M^^pinQ 

C^H^NO, 

Atropa  beliadonno. 

SparioglT  (o*               -t^l 
in  alMiiol  ^                     ■ 

^^^^Bttline 

i  ^^IlitNO,, 

Varioua  planta;  po- 

w  _ 

\                        \     UX»^wA*^<^.    1 

J 
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NAME. 


Formula. 


Source. 


Properties,  etc. 


Ml 


[4.)  Baaimoalaoes. 
Iphinine   . . 


Aflonitiiio 


(#.)  MefainfhAoeeB. 
Vemtrine  (▼eratiiA) 


ColcJiiciiia 


if.)  Btrjtitnmoem. 
StiTcJuiiiis 


C,.H3,N0, 


C^HJ^.O, 


^    (f  .}  Other  ordfln. 


C^H,,N,0^ 


C„H.AO 


C,H,oN,0, 


fWOtdgBOM 


Delphinum  staphi- 

sagria. 
Aconitum  napellus. 


Yeratrum  sabadilla 
(white  hellebore). 

Colchicum  autum- 
nale. 


Nux  Yomica,  false 
anguBtura  bark,  etc. 


Ditto. 


Peganum  harmala. 
(Russia). 

Coffee  berries,  1  per 
cent.;  tea  leaves, 
2-4  per  cent. ;  by 
the  action  of  me- 
tbylic  iodide  on 
theobromine,  at 
100*  C. 


Theobroma  cacao. 


Berberis  vulgaris 

(calcumba  radix). 

Cota  leaves. 

Pepper. 


Cayenne  pepper. 

Jaborandi. 

Asparagus   (marsh 

mallow.) 

Calabar  bean. 


The  prepared  seeds  of  stavesacre  ar» 
used  to  kill  the  pediculi  of  animals. 

Soluble  in  water  (1  in  150  at  Id**  C. ; 
1  in  60  at  GO**  C),  in  alcohol,  and 
in  ether. 

A  white  powder,  insoluble  in  water  ; 
soluble  in  alcohol,  ether,  and  ia 
acids.     Solutions  alkaline. 


Both  alkaloids  are  associated  in  thar 
plant  with  igasuric  acid.  Strych" 
nifie  crystallizes  in  octahedra;  is 
slightly  soluble  in  water  (1  in 
7,000) ;  soluble  in  hot  dilute  al- 
cohol (1  in  100) ;  insoluble  in  abso- 
lute alcohol,  ether,  or  in  alkaline 
solutions.  It  forms  with  acid* 
crystallizable  salts. 

Brueia  is  readily  soluble  in  alcohol 
(absolute  or  dilute)  and  in  boiling 
water  (1  in  600). 


It  is  soluble  in  alcohol  and  in  dilute 
acids.     By  oxidation  it  forms  Aar- 

It  forms  needle  crystals ;  very  bitter. 
When  heated  it  melts  and  sublimes. 
Soluble  in  water  fl  in  100  at  60"* 
F.) ;  slightly  soluole  in  alcohol ; 
basic  properties  feeble.  By  its 
oxidation,  products  are  formed 
closely  allied  to  the  uric  acid  deri- 
vatives. With  chlorine  it  yields 
amalie  acid,  Cg(C  113)^X^0^+ aq. 
With  oxidizing  agents  it  yields 
ehoUstrophane  {Cfi^fi^, 

White  crystals,  soluble  in  a  solu- 
tion of  ammonia ;  not  very  soluble 
in  pure  water. 

A  feeble  base ;  crystalline ;  soluble  in 
water. 

Yellow  crystals,  insoluble  in  water, 
soluble  in  alcohol  and  acids.  By 
distillation  it  yields  piperdine 
(C  JI.|N),  a  colorless  liquid  boiling 
at  222-8°  F.  (106'  C). 

Forms  crystallizable  salts. 

Metameric  with  malamide. 
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(B.)  Alkaloids  of  Animal  Origin. 


NAME. 


Fonnula. 


Source. 


Properties,  etc. 


Xanthine 


C.H,N,0, 


Hypozanthine  (Sar- 
cine) 


Guanine        . .     . . 


Ereatine 


Kreatinine     . .     . . 


c,n,N,o 


C^H^NjO 


C^n^,0,.2aq 


c,n,N30 


Urinaij  calculi, 
guanine,  urine, 
all  parts  of  body. 
Formed  by  the 
action  of  nitrous 
acid  on  guanine. 


Flesh  of  yertebrata, 
also  in  blood, 
liyer,   etc. 

Guano,  excrement 
of  spiders;  pan- 
creatic juice. 


Flesh,  urine,  brain. 


Ditto. 


Sarcoaino 
Urea 


C^U.NO, 


Ditto. 
Urine. 


A  white  amorphous  body,  i 
acids,  forming  salts ;  slight 
in  boiling  water ;  soluble 
line  solutions.  Dissolves 
without  the  evolution  of 
leaving  a  jellow  residi 
turns  red  with  ammonia, 
drochloride  is  insoluble  it 

White  crystals,  soluble  ii 
(but  not  in  cold)  water,  anc 
acids  and  alkalies.  Th 
chloride  is  soluble  in  wati 

Colorless  crystals ;  insoluble 
alcohol,  ether,  and  ammoi 
ble  in  acids  and  in  a  pot 
tion.  Forms  salts.  By  1 
of  KCIO3  and  IICl  it  for 
banate   (CjH^N.OJ    and 


(CH^NJ. 
lolo  ' 


Colorless  crystals ;  soluble  i 
water;  sparingly  soluble 
water  (1  in  74);  insoluble  i 
or  ether.  Solution  bitter, 
is  a  neutral  body,  combinii 
with  acids  nor  alkalies. 

Prepared  by  the  action  of  str 
on  krealine.  It  forms  crys 
ble  in  water  (I  in  1 1  at  60 
solution  being  very  alkc 
forma  salts  with  aciils.  1 
methylia  when  heatod  \i 
lime.  By  boiling  with  ar 
forms  kreatine. 

Prepared  by  boiling  kreat 
baryta  water. 

Prt'para Hon. — ( 1 . )  F roni  u 
precipitation  with  oxiilic  a 
By  heating  a  soluliou  of 
cyanate.  (3.)  By  the  dt 
tion  of  amnionic  carl»on'it< 
four- sided  crystals,  soluble 
and  in  alcohol;  solution 
When  heated,  it  first  ra 
then  decomposes.  The  f 
tion  is  i)ermanent  in  the  ai 
decomposes  rapidly  in  urin 
to  the  presence  of  ])utn^ti 
ganic  matter,   (i^te  Urea.) 


Constitution  of  the  Alkaloids. 

(1.)  Berzeliua  regarded  the  alkaloids  as  conjugate  bodies  of  som 
neutral  substance  with  ammonia  (to  which  latter  compound  he  suj 
l^oaod  they  owed  their  a\V;Aui\\.yYio\xvi^\xi^hla  theory  on  the  universa 
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preaence  in  these  bodies  of  hydrogen  and  nitrogen*  To  tliis,  objection 
was  made  that  it  was  impossible  to  detect  the  presence  of  ammonia  in 
them, 

(2.)  Zieli^  regarded  them  as  ammoniaB,  where  one  atom  of  hydrogen 
was  replaced  by  a  compound  radical ;  in  other  words^  aa  compounds 
of  amidogen  (NH^)  with  a  compound  radical  capable  of  acting  as  a 
hydrogen  atom^  and  not  destructive  to  the  original  alkalinity.  Thua, 
in  aniline,  l!iB.^{C^ff^),  H  was  regarded  as  being  replaced  by  phenyl 
(C6II5).  This  view  of  the  composition  of  aniline  was  further  confirmed 
by  the  circumstance  that  when  ammomc  phenate  was  heated,  aniline 
was  obtained*     Thus — 

NH^.QHjO  {artiffwrnc  ph4nak)^'NUi{Qsllji)  aniline  -^U/), 

Hence  an  amid€  was  regarded  as  a  body  derived  from  an  ammoniacal 
8alt  by  the  loss  of  a  water  molecule. 

{S^)  Further  investigation  has  shown  that  in  organic  bases — 
(m*)  One,  two  or  three  atoms  of  the  hydrogen  of  ammonia  may  be 
displaced  by  one,  two  or  three  molecules  of  a  univalent  compound 
nuiical  or  their  equivaleDt,  and  that — 

(/3.)  The  nitrogen  of  the  ammonia  may  also  be  displaced  by  certain 
lements,  such  aa  phosphorus,  arsenic,  antimony,  etu* 

It  is  important  for  us  to  consider  here  the  method  of  investigation 
pursued  in  these  enquiries  : — 

(L)  If  ammonia  and  ethylic  iodide  (CaII^I)  be  heated  in  sealed 
abes,  the  apparently  conjugate  body  NHjjCaH-jl  is  formed.  When 
lis  compound,  however,  is  distilled  with  potaesic  hydrate,  it  yields 
knot  ammonia,  but)  poiassic  ioiUtk  and  tthifhumnij  this  latter  body 
sin^  ammonia  where  one  of  hydrogen  has  bean  displaced  by  one 
■the  alcohol  or  hydrocarbon  radical  ethyl  (Cglla).     Thus — 

NH3,C,Hj:     +     KHO     ^     NIL(CaH,)     +     KI     4-     H/X 
-f     Poliissic     ^^      Etbyl- amine        -|-  FotoBsio  -|-    Water. 
hydrate  iodido 

revortheless,  ethylamine  is  a  colorless  alkaline  liquid  forming  salts 
ith  acids,  boiling  at  65-6°  F.  ( 18-7^  C.)*  and  smelling  of  ammonia. 
(2.)  If  ethylamint*  and  ethylic  iodide  be  again  heated  as  before  in 
led  tubes^  the  compound  Nll2(C.Jl5)C2H5l  will  be  formed.  This, 
being  distilled  with  potassic  hydrate,  furnishes  pota^xic  UMlidt  and 
titth^liiminet  this  latter  being  an  ammonia  where  two  atoms  of  hydrogen 
replaced  by  two  molecules  of  the  alcohol  radical  ethyl  (O^Hj), 
tins — 

NH^,aH,*C,HJ    -h    KIIO    =    Nn(C,H,)«    +    KI    -f    H,0. 
-|-    P&tiMMc    ^    Diethyl  amine     +  PotA»sic  -f    Water, 
hjdrata  iodido 

Nevertheless,  diethylamine  is  a  colorless  alkaline  liquid,  boiling  at 
134(i°  F.  (57*0°  C),  and  behaving  chemically  as  ammonia. 

(3.)  Similarly,  dietht/lamtne^   tiHiQ^^)^^  may  \>e  coun^tI^^  VtkVft 
fri^tJuJutmn.^  ^(C^H^)j^  which  IB  aiso  a  colorlefis  aWfjiuvQ  \\^\\ai^. 
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(4.)  If  trtethylamine  NfC^H^),  be  similarly  heated  with  et^^H 
iodide,  the  conjugate  compound  N(CoH5)j.CoIIjI  is  formed.  I 

(6.)  Just,  however,  as  we  regard  the  hydriodate  of  ammonia  aa  ail 
iodide  of  the  hypothetical  metal  ammonium  (NH^),  thus —  1 

(NH^,)HI  {hydriodate  of  ammonia)-=-(^VL^)l  (lOffide  ofammonium)^ 

so  we  may  regard  the  compound  (N(0gHft)sC2HaI)  aa  the  iodide  of 
tetrHhi/himmoninm  (N(CoH5)4l),  or,  in  other  words,  aa  a  compouBd 
where  the  four  atoms  of  the  Uydrogen  of  the  metal  ammonium  hare 
been  ^placed  by  four  of  ethyl, 

(6.)  On  heating  this  body  (N(0oHj,)4l)  with  potassic  hydrate,  it  is 
not  decom|>osed.  When  its  Bolution,  however,  ia  treated  with  argentic 
oxide,  an  argentic  iodide  is  precipitated,  and  a  solution  of  tetrethylam- 
monic  hydrate  is  formed.     Thus — 

2[N(C.H,W1  +    Ag,0    +    ILO    =  2[N(CJi;)«H0]    +    2AgL 

lodida  of  tetr-      -f    Arjjetitic    -f-    Water    ^    Tetretbyltirnmoiiin      H-    Argenti« 
ethylammoQiiim  oxido  hj'dmte  iodid& 

This  hydrate,  which  may  be  obtained  in  a  crystalline  state  by  evapo- 
ration **  in  vacuo,"  is  an  alkaline,  caustic,  deliquescent  body,  freelf 
absorbing  carbonic  anhydride  from  the  air,  expelling  ammonia  from 
its  salts,  forming  ealts  with  acids,  forming  soaps  with  fat,  etc.  That 
is,  we  have  a  close  correspondence,  chemically,  between  tliis  body  and 
potaasic  and  ammonic  hydrates.     Thus — 

KHO  ;  (NH,)1I0 ;  (N(C,II,),)HO. 

PofaseJD  Ammonic  Ttitrethylummomc 

hydrate  ;  hydra  to     :  hydrate. 

(7.)  Similarly,  the  experiments  might  be  conducted  on  ammonia 
with  the  iodides  of  other  alcohol  radicals,  as  methyl  (whereby  methyl- 
amine  would  be  produced) ;  or  amyl  (forming  amylamine,  etc.);  or 
one  hydrogen  may  be  replaced  by  one  radical,  and  one  by  another,! 
Thus,  if  we  acton  aniline  or  phenylamine  (NHgC^IIi),  first,  with  iodidil 
of  methyl  (CIIjI),  and  distil  with  potash,  then  with  iodide 
ethyl  (C^H^)!,  and  distil  with  potash,  and  lastly,  heat  the  prodo 
with  iodide  of  amyl  (CJI^J),  and  distil,  we  obtain  a  compou 
formed  on  the  ammonium  type,  where  eaith  hydrogen  atom  ia  repL 
by  a  different  compound  alcohol  radical*     Thus  we  obtain — 

N(Cfin.)(CH,)  (0,H,)  (C,H„)HO. 

Hydrate  of  pheuyl-methyl-ethyl-atnyl  ammoniuQi. 

(8.)  From  these  experiments  we  learn — 

(a,)  That  by  heating  aroraouia  with  ethylic  iodide,  and  distillin?  J 
the  product  with  potassic  hydrate,   we  obtain  products  where  tb«| 
hydrogen  is  replaced  successively  by  C^H-.     Thus  we  obtain — 
First ;  Ethylamine,     NHa(0.2Ha)  when  H,  is  replaced  by  CgH^ 

Secondly;  Diethylamine,    NH(CjH,Xr    ,,      Ht  „  (C.Hjr 

Thirdly;      TriethyWmm^.^l^i^W^V       ^>    H^  „  (CA^' 
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{(3,)  That  by  tLe  further  action  of  ethjlic  iodide  on  friethylamioe, 
a  compound  is  formed  coutftining'  another  ethyl  molecule,  va., 
N(0oIl5)4T,  corresponding  to  the  salt  Nn4l. 

This  product,  unlike  the  previous  compounds,  is  not  decomposed 
by  the  action  of  potassic  hydrate,  but  may  be  made  to  yield  a  cauatic 
alkaline  liquid  N(C2H5)4(H0),  closely  corresponding  to  NH^dlO), 

d.  Adopting  a  similar  method  of  investigation  in  examining  the 
constitution  of  the  alkaloids  to  that  above  described  in  the  case  of 
ammonia,  we  ask  this  question — 

ffow  mantf  atoms  of  h^drogm  in  the  alkaloid  can  be  replaced  %  em 
m^thol  radical  {eiKh  a«  eth;yl)f  %  the  (tction  up<m  the  alkaloid  of  iodide 
V  eth^l  r 

Por  example : — 

Comnt  has  the  formula  CaH^jN.      We   act  upon  it  with  ethylic 

BiftdidOf  and  distil  the  product  with  potassic  hydrate,  when  we  obtain — 
CeIIu(C,H,)N, 
Thus  we  loam  for  certain  that  one  atom  of  hydrogen  can  bo 
replaced  by  C^H-j. 

We  again  act  on  the  new  body  formed  (CgHi4(02H5)N)  with  ethylic 
ide,  and  we  obtain  the  product  CalI,4(C^H5)4;NI,  where,  although 
body  has  taken  up  a  new  molecule  of  C^Ha,  nevertheless  another 
en  atom  has  not  been  displaced  ;  and  further,  the  new  product 
)  decomposed  when  treated  with  potassic  hydrate,  but  is  converted 
'  argentic  oxide  into  a  soluble  base  corresponding  to  {NH4)H0. 
[ence  our  experiments  prove  that  only  one  hydrogen  atom  of  the 
apoond  Conine  (CaHi^N)  can  be  replaced  by  ethyl,  and  that  there- 
fore the  group  {GeHi4),  supposing  conine  to  be  an  ammonia,  must 
play  the  part  of  two  hydrogen  atoms.     Therefore  the  formula 


N  l^^^^'^^'orNHCCgHHA 


1 
ts  the  constitution  of  conine  as  an  ammonia. 
Again,  morphia  has  the  formula  OiiHtgNOj-  Heated  with 
^jUc  iodide  it  forms  Ci7Hi^(CgH5)NO,I,  i.e.,  it  refuses  to  part 
any  of  its  hydrogen  under  the  action  of  ethylic  iodide.  Hence 
formxila  N(Cj7H,903)'''  represents  the  constitution  of  morpliia, 
ibiting  it  as  an  ammonia  where  tlie  group  CyHij^Oj  plays  the 
of  three  atoms  of  hydrogen. 
I ,  Some  alkaloids  containing  two  atoms  of  nitrogen  are  regarded 
ing  built  up  on  the  double  ammonia  type  (NjIIij) ;  others,  con- 
ng  three  of  nitrogen,  on  the  treble  ammonia  type  (NtHjj),  etc. 


Nj(C«oH^Og)^*^ Quinine ;  N.CC^j.HgA)'^^ Strychnia. 

E^bote  bodies  that  are  formed  on  tk©  type  of  a  am^Y^  aToxi^oTs^a. 
QbIa  (NU«)  are  termed  monamine$ ;  those  on  iUe  do\i\>\%  ^ixmn^m^ 
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type  (N^H^),  as  ethylene,  N.H^(C4H^)",  dianune«;  those  on  the  tiehle 
type  (NjHj^),  as  diethylene  triamine,  N3H5(C2H^)"2,  triamines,  etc. 

12.  Further,  the  nitrogen  of  the  ammoniaB  may  be  replaced  by 
phosphorus,  arsenic,  antimony,  etc.  In  this  way  are  formed  the  oom- 
pounds  trietht/larsin^,  AsCCfiHj),  (which,  however,  is  not  a  true 
ammonia,  inasmuch  aa  it  is  incapable  of  forming  true  salts),  and 
trieihiffphosphne,  P(€2Hj}.j,  which  latter  compound  is  a  true  ammonia, 
and  forms  true  salts,  such  aa  P(C.^H3)3S ;  P(CsH5)3H0,  etc. 

Compoiuid  Ammonias.— The  Amines. 

We  have  now  to  consider  a  class  of  bases  termed  the  Amine$. 

An  amine  is  an  ammonia  in  which  one  or  more  atoms  of  hydrogffli 
have  been  replaced  by  one  or  more  alcohol  radicals  (that  is,  a  radicil 
which,  like  CH3,  does  not  contain  oxygen).  The  amines  mayb« 
classified  as  follows: — 

(A. )  Monamines  :  bodies  fotnud  on  the  type  of  a  single  ammonia  moUc^ 

(NH3) 

These  are  subdivided  into  three  gproups,  viz. : — 

(a.)  Fnmari/  monamines^  where  II,  only  is  replaced  (NH^B')* 

(/J.)  Secondary  inonamines,  where  Hg  is  replaced  (NHR'g), 

(y.)  Tertiaiy  monamims,  where  H,  is  replaced  (NR'3). 

(B.)  Diamines  :  bodietf  fanned  on  the  type  of  a  double  ammonia 

(C.)   Thiamines :  hodies  formed  on  the  type  of  a  trebU  ammonia  m^i 

(N,Il9). 

(D;)   Tetrajuines  :  hodie$  formed  on  the  type  of  a  quadrrtpU 
mokade  (N^H,.,)» 

(A.)  MonamineS.^ — Organic  bases  formed  on  the  type  of  a  sinffU 
monia  fuoieeide  (NHa).     The  monamines  may  be  primary, 
or  tertiary. 

(a,)  Primary  monamines^  that  is,  ammoniae  (NH,),  where  one  hi 
atom  is  replaced  by  a  cvmpmntd  alcohol  or  hydrocarbon  radicaL 
NH.CCeHj),  Ethylamjne. 

Preparation,^!.)  By  the  action  of  the  caustic  alkalies  on  cyi 
of  the  alcohol  radicals : — 


(C,H,)CyO 

+ 

2KHO 

— 

NH,(C,H.) 

+ 

K^iOO,. 

KthyUc 

+ 

Potowic 

= 

EthyUamine 

+ 

PotMiio 

oyanate 

bydrato 

CATbOBl^ 

2,  By  the  action  of  the  iodides  or  other  haloid  oompotmds  of  ^ 
alcohol  radicals  on  ammonia,  and  the  subsequent  decompositit^Ti j 
the  compound  formed  by  potassic  hydrate  : — 

(a.)  C,HJ         +         NH,        =        NIL(C,H,)HL 

Fthylic  -I-      Ammonia        ^m  Ethylaminomo 

iodidia  iodide. 
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03L)  NH,(C4H.)HI  +  KHO  =   NH4(CjH,)  +    ZI    +    HjO. 

Eth^lamxnonic       +  Potassic  =     Ethjlamine     +  Potasaic  +  Water, 
iodide  hydrate  iodide 

[This  process  is  also  available  for  the  preparation  of  secondary 
and  tertiary  monamines.] 

3.  By  the  action  of  reducing  agents  on  certain  nitro  derivatiyes  of 
the  hydrocarbons : — 

C6H,(N0«)       +       3H,      =       NHgCCfiHs)       +       2H,0. 
Nitro-benzene       +    Hydrogen    =  Aniline  +        Water. 

(/3.)  Secondary  monamines,  that  is,  ammonias  (NH,),  wliere  two  hy- 
drogen atoms  are  replaced  by  two  compound  radicals,  the  same  or  different, 
JSx€unpU :  Diethylamine,  NH(C£H5)2. 

Preparation. — By  the  action  of  a  haloid  compound  of  an  alcohol 
radical  on  a  primary  monamine  (the  alcohol  radical  being  the  same  or 
different  to  that  contained  in  the  monamine),  and  the  subsequent  action 
on  the  product  of  potassic  hydrate. 

(C,H,)I      +      NHjCCsH,)    =    NHCC^H,)*      +       HI. 

Sthylie  iodide     +         Ethylamine       =   Triethylamine       +  Hydriodic 

acid. 


(y.)  Tertiary  monamines,  that  is,  ammonias  (NH,),  where  three  hydro- 
gen atoms  are  replaced  by  three  compound  radicals,  the  same  or  different. 
JBxample:  Triethylamine,  N(C2H3)3.  ^ 

Preparation. — By  acting  in  a  similar  manner  to  that  described  above 
with  ethylic  iodide  on  a  secondary  monamine. 

(CgH,)I      +        NH(C,H,),     =      N(C,H5)3      +       HI. 

Bthylio  iodide    +        Diethylamine        ^  Triethylamine      +  Hydriodic 

acid. 


[NoTB. — ^In  practice,  when  we  act  on  ammonia  with  ethylic  iodide, 
all  these  compounds  are  formed  in  varying  proportions.  They  cannot 
be  separated  by  fractional  distillation.] 

Propertim  of  the  Amines. — A  tertiary  monamine  may  be  known  from 

a  primary  or  a  secondary  monamine  by  its  forming  with  ethylic  or 

other  like  iodide,  an  iodide  which  is  not  decomposed  by  potassic 

\  hydrate.    The  amines  are,  with  few  exceptions,   basic  compounds. 

fiike  ammonia,  they  are  alkaline,  and  form  analogous  salts  with 
aoidB.    By  the  action  of  alkalies,  these  salts  are  decomposed  with  the 
wparation  of  the  amine,  just  as  with  ammonium  salts  the  evolution 
of  ammonia  results. 
^Hie  fbUowing  \b  a  iis^  of  the  chief  monamines ;— 
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Speciflc 

Gravity 

of  Liquid. 

Boiling  Point 

NAMES. 

Formula. 

Prc^rtii 

°  F.      °  C. 

Ethylamine       • . 

NH,(CA) 

1 
0-6964 

at 
88°  C. 

66-2 

19-0 

Specific  gravity  o 
Ajnmoniacal  oc 
reaction.     For 
acids.     Fumes 
Like  ammonia 
metallic  salts^di 
and  produces 
with  copper  sal 
flammable.    Dc 

HNO,    into    I 

nitrite. 

Diethylamine   .. 

NH(C^,), 

136-5 

67-6 

A  colorless  alk 
soluble  in  w 
salts  with  acidj 

Triethylamine  .. 

N(C,HJ3 

196-8 

910 

A  colorless  alki 
Forms  crystalli 
acids. 

Tetrethyl-ammo- 

N(C,HJ,(OH) 

Crystalline;  the 

nic  hydrate 

composed     by 
methylamine, 
ethylene.      Th 

colorless,  alkali 
Closely  relate< 
hydrate. 

MethyUmine    .. 

NH.(CHJ 

108 

A  gas,  alkaline,  t 
niacal  odor. 
_0-4o  F.  (—1 
vol.     of    wat< 
(12  o   C.)     dis 
vols,  of  gas. 
and  bums  mI 
flame.     It  occt 
brine,    and  is 
the  action  of  I 

NH(CH3), 

A  colorless  gas, 
46-4°  F.  (8*^  r. 

Trimethylamine . 

N(CH3), 

A  colorless  pas 
48-7°  F.  (9-3 
of  ammonia  ar 

Tetramethyl-am- 

]Sr(CH3),(0H) 

When  heated    i 

monic  hydrate 

methylamine 

alcohol. 

Amylamine 

NH,(C,H„) 

0-7503 

at 
18°  C. 

199-4 

93-0 

A    colorless    liqi 
having       an 
smell. 

Diamylamine    . . 

"sa 

338-0 

170-0 

An  alkaline  liqui 

494-6 

257-0 

A   colorless  liqu 

are    sparingly 

water. 

Tetramyl-ammo- 

N(C,H.,),(OH) 

Asolidcrj'stnllin* 

nic  hydrate 

heated  it  yiel 
mine,  amylcne 
It  is  not   vtT 

water. 

Butylamine 

NHJC.nj 

NHbX, 

Dibutylamine    .. 

Tributylamine  ,. 

\ 

Ttftrabutyl-ammo- 
nic  hydrate 

\ 

\ 

\ 

ICES. 


fid 


^^L^\    sf:^liL 


ptaiylft- 

»..  ..  f 
mme ;  < 
xdnena)  ( 


«.. 


£paraiii< 


NHfC, 
NH(C 

N(C. 


N(C,HJ" 


N(C.HJ" 


'.son    lii-l      A  < 


IM-i    IK-r    f  Orr     iBPflia 


SCL 


TJ*!^     •W'-I     .^^. 

i7^4  awn  •  -  - ' 

ir:-s=  F.  SI-  c.\ 


l-«26    199-6    1S2-0 


1077 


0-966 


271-4 


242-6 


271-4 

309-2 
4190 


1330 


1170 


1330 

164  0 
215*0 


AcratoHar  i 
by  tW  Mttm  of  XH^tf  S  oo 
aa  akohoSc  aohnwa  of  nitio- 
iMflirtiilwn     FonMMhi. 

S«pag«66S. 

EximM  m  tluree  fonu;  M^«m. 
Uimid^me^  a  ayitalliiM  aolid, 
mdtmg  at  46*  C. :  «r/A«. 
tcimidme^  a  liquid,  8p^  Qr. 
0-99S,  booing  at  19?*  C, 
beooaing  roae  colored  on 
exporaie  to  air;  and  nm/ii- 
Mmuiime,  a  crystalline  aolid 
melting  at  67""  C. 


Prepared  from  animal  oilf.  A 
colorloM  liquid,  tumi  a 
piece  of  fir  wood  moiitened 
with  UCl  puiple. 

Prepared  from  ooal  tarnnphtha, 
and  by  heating  amy  I  iiiimtn 
with  photphoHo  anhydride 
C.H,.j0.-3n()-N((Vl.j 

A  liquid  prepared  frum  ooal 
tar  naphtha. 

Do. 

Do. 
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NAMES. 


Glmiolino  .. 


PaiToliiie  (ouzm- 

dine) 
CjiDidine     (cori- 

dine) 
Rubidine    . ,      , , 
Viridin©     , , 


Fonnula, 


N(C.H.J"' 
N(C„H„)"; 


i 

Boiling  Pomt 

*¥. 

•a 

roei 

465^0 

2S60 

370-4 

IS8'0 

4a2'0 

260*0 

4460  ' 
483-8 

280^0 
251-0 

Pfop«rtic8. 


fiy^  distilliiig  qttiiiine^l 
B  stTOQj^  eomtioii  i 
bjdrate.      A    col<J 
lir^iiid    forming 
acids. 

A   liquid  prep«T«il 


( B. )  Biamines. — Organic  bases  formed  on  the  t^fpe  af  a  dmtHe 
molecule  {H^U^). 

Preparation, — By  the  action  of  a  haloid  eait  of  a  diatomid' 

radical  (as  ethene  (ethylene),  CsH^,  etc.);  on  ammoma.     Thua : — -' 

2NH3       +      (0£Hj"Brjf      =^      NjH^CC^H, 


AmmoDia      -{- 


Ethylene  ^ 

dibroQude 


diamine 


-t    Hydioli 


That  18,  N2H4(C2H4)"   represents  a  doable    ammonia    mo 
(NgHg),  where  two   atoms  of  hydrogen  have  heen  replaced   bj 
diatomic  radical  (Col^)". 

Just  as  2(NJl4,lIO)  representa  a  double  molecule  of  a  hydr 
ammonium  (NH4),  so  (N5*H^(C2H4)''2,H^O£)  represents  1 
the  £jLed  alkaline  baee,  hydrate  of  ethylene  dianimoniunu 

The  following  table  represents  some  of  the  diaminea : — 


Name. 

Formula. 

Boiling  point. 

Proportiilfl 

'P. 

117-0 

. 

Ethylene  diamine    , . 
Urea 

Sulphur-urea    . .     . . 
Ethyl-urea        * .     . . 
8ulpho-phenyl-urea.  - 

N,H/c,b.)'(CO)" 

242*6 

An  oily  liquid. 

i 

(C)  Triamines. — Organic  bases  formed  on  the  type  of  a 
monia  molecuk  (N^llg), 

To  this  class  belong  many  of  the  bases  of  the  aniline  coIofSi  ( 
as  ro/ianiline,  etc. 

There  ate  ceriam  o\ii^T  amines  to  which  mere  reference  mualr'^''  * 
it  being  imposai^iU  \«  da&ttA^  ^}tk«m. 
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NAME. 

Formula. 

Sp.  Ot. 

Properti6A. 

furhmae 

C^H„N,0, 

Prepared  by  hoJling  /nrfummifU,  a  body  formed 
by  the  action  of  ammonift  on  a  Bolution  of  fur- 
ftiro]  (CjH.O  )  in  potassic  hydrate.  A  power- 
ful base  soluble  in  boiling  water  (I  in  1 36)»  ia 
ulcobol  and  in  etber«    Solutiaiu  alkaline  \  ealta 

bitter. 

Benzolmei ; 

Ct|H,.N, 

By  tho  ftction  of  potawic  hydrate  on  hydro- 
ben  zamide   (C^HnO).      A  solid  eubstaoce  in- 

Boluble  in  water. 

.Thialdine 

c,n,3Ns, 

ia91 

Forms  B0lid^  highly  refracting  erystals.  It  ia 
volatile,  and  fields  ^i&  with  acida. 

Aniline  (QH,N^93). 

ific  Gravttff,  1*028;  Fmzing  point,  17*6^  F.  (-Vc)  ;  Boiling  point, 
359^6^  F.  (182^  C);  Molecular  volume,    pTl  • 
Origin  of  Name* — From  the  indigo  plant,  Indtgofira  anil. 
Synonyms* — Pheny famine  (rogardiag  it  as  an  ammonia  derivatiYe) ; 
Phmylia  ;  Amiflo-btnzene. 

Constitntion.^ — Aniline  maybe  regarded  either  (1)  as  an  ammonia 
derivative,  where  H,  is  displaced  by  one  of  phenyl  (C^Hs)  : — hence 
led  phtnj/hmine,  NH/C^H^)' ;  or  (2)  aa  a  derivative  of  benzoic  acid, 
Bnc^  called  amido-hmten^^  C^^H^  tNlf^). 

For  the  following  rea&ons  we  are  led  to  regard  aniline  as  an  am- 
Honia : — 
(a.)  lU  hehaviour  with  ethylic  iodide. — Thus  it  forms  succeesively  ethyl* 
-»  diethyl-phenyl-,  and  triethyl-phenyl-ammonic  iodide,  the  two 
aer  yielding 

Jiifl-phm^l  amme       CjjHa  J-  N  ;  and    DitthyUphemjl  amim  C^Hji  ]-  N 

hJ  c,h,J 

tively,  when  treated  with  potassic  hydrate  j  the  last  yielding 
nethyl-phenylammomc  hydrate  when  treated  with  water  and  argentic 
dde. 
This  reaction  corresponds  to  ammonia,  as  already  explained  (page 

01.)  As  potassic  hydrate  separates  NH^  from  ammonic  salis^  bo  it 
^parates  aniline  (NC^Hj)  from  aniline  salts, 
(y.)  By  heating  together  phenic  acid  and  ammonia  in  an  hermetically 
^led  tube,  aniline  ia  formed  by  the  substitution  of  phenyl  (CgHj)  for 
ydrogen, 

f^- )  The  salts  of  aniline  correapond  to  the  salts  of  ammonia* 
Preparation. — (l)  By  distilling  powdered  indigo  with  a  sattirated 
P*tttion  of  potassic  hydrate : — 

f»H^NO    +    4KH0    +    H,0    =    211^    +    2X^00^    \  C^l^^lSV, 
^^*d%>       ^      PoUuh       -j-    Water   =  Hydro-  +      T?ola&ttic       -V     KnS^*- 

gen  cftr\>o&a\A 
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(2.)  By  heating  togietHer  ammonia  and  phenol  for  two  or  three 
weeks  in  sealed  tubes.  (Laizrent.) 

QH,(OH)     +     NH3     =     H,0     +     QHiCNH.)  [or  CgH^N]. 

Phenol  4-  Ammonift  ^      Water     4-  Aniline. 

(3.)  By  the  action  of  reducing  agents  on  nitro-benzen© ;  such  as, — 
(o.)  Stdphurdiifd  hydrogen  (Zinin)^ — 

CeH.fNO^)       +      3H,S      =      2H,0 

Nitro-b«n«eiw       4-  Sulphuretted  =        Water 
hydrogen 

(/3»)  Ferrous  acetate  (B^champ). 

(y.)  Dilute  suiphurtc  add  and  zinc  (i.e.  n<iscent  hydrogen)* 


0s       +• 
Sulpbui  -f 


C6Hj(N0») 

Kitro-beazene 


+ 


3H«         = 


2H2O 


Hydragea      ss  Water 


■f 


AnUiue. 


[In  the  commercial  manufacture  of  aniline,  nitro-benzene  is  heated 
in  a  retort  with  glacial  acetic  acid  and  iron  filings,  when  the  aniline 
distils  over,  together  with  water,  in  which  the  aniline  sinks.  It  is 
then  separated,  any  acetate  present  being  decomposed  with  an  alkali, 
and  redistilled.  All  the  aniline  of  commerce  contains  toluidiue,  com- 
mercial benzene  always  containing  toluene.] 

Aniline  is  foujid  amongst  the  products  of  the  distillation  of  coaI 
and  other  organic  matters. 

Properties. — {^*)  Sensible.  Anihne  when  pure  has  a  slightly  brown 
tint,  and  is  a  thin  oily  liquid,  having  a  faint  odor  and  a  burning  taate. 
It  is  an  active  poison, 

(fi,)  Fhtfsical, — Specific  gravity,  1'028,  It  is  very  volatile.  It 
freezes  at  17*6^  F.  ( — 8'^  0.),  forming  a  crystalline  mass.  It  boils  *t 
359-6°  F.  (182°  C),  It  is  slightly  soluble  in  water  (forming,  posaiblj, 
a  hydrate),  and  is  very  soluble  in  alcohol  and  ether. 

(y,)  ChemicaL — It  is  not  alkaline  to  test-paper,  but  its  vapor  forma 
white  fumes    with  hydrochloric  acid.      By  contact   with  air  it 
comes  of  a  dark  color  and  of  resinous  consistency.     By  the  actio; 
upon  it  of  oxidizing  agents   the  various  aniline  colors  are  form^ 
With  the  haloids  (but  not  by  their  direct  union)  it  forms  substit 
products,  as  chlor-  or  brom-aailine  (CgHtjClN),  dichlor-  or  dibn 
aniline  (C^HaCl^N),  and  trichlor-  or  tribrom-aniline  tC^HgCljN). 
first  two  of  these  haloid  substitution  compounds  are  bases,  and  fen 
salts  J  but  the  last  compound,  i.e.  where  the  aubstitution  is  complete,  i 
neutral.     AnOine  is  a  powerful  organic  base,  and  with  acids 
crystalline  salts. 

Numerous  other  substitution  products  of  aniline  have  been  pr*"l 
pared,  as,  t.g.^  nitraniline,  CgH^(NOg)N,  a  body  existing  in  two  mcxii-^ 
fications  ;  dinitianiline^  ^^^^A^O^)^  \  dipheiifjlamim^  l^{{(V^ViiiA 
©tc     With  cyanogen  it  forms  the  compound  njan-aniline  (CfiH^Njfl-Vi*! 

When  nitrouB  add  ib  ^^^q^  W.yvaJiQ  ^mVvn^i,  ^hmol^  nitrogen,  ^^\ 
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water  are  dToIved;  but  whea  the  acid  is  passed  through  (/3.)  an 
alcoholic  solution  of  aniline,  aiodiphenyl-di'amms  and  water  are  formed, 
(y,)  If  azodiphenyl-diamine  be  treated  with  nitrous  acid,  an  explosivd 
body,  diaiO'dtphen^idtaminff  is  produced. 

These  eeveral  reactions  may  be  shown  as  follows : 

(a.) 


03.) 


CeHrN 

+      HKO2     ^     GgHtfO      +      H,0      Jh       N.. 

Anilitio 

4-  Nitroua  acid  =       PJienol      +      Water    +  Nitrogon 

2C.H,N 

-h     UNO,     =     C,,H,,N3     +     2H«0. 

AniUn^ 

4*  Nitroiu  Mid  —     Arodiphenyl-    -f     W*ter. 
dlasune 

CijHjiN., 

+        NO,     =     C,»HeN«      +     2H,0. 

AzodiphEnyl- 
dlaniine 

4-  Nitroua  mdd  ^  Diazo-diphenyl-  -(-       Water. 
diamine 

M 


With  an  alkaline  kf/pochlorite  aniline  forms  a  violet  (mauve).    With 
chnmk  acid  it  gives  a  bluish-blaek  precipitate. 
Us8S« — ^^r  the  manufacture  of  dyes. 

Homologous  with  aniline  ia  the  base, 

Toluidine  {^7119^)*     It  is  found  in  three  states — (1)  as  a  aolid' 

I{paratoluidine),  melting  at  113""  F.  (45^  C),  and  boiling  at  40 1""  F. 
(205** C);  (2),  as  a  liquid  (ortliotohiidim),  hoUiug  at  386*6° F.  (197^  C); 
•peciEc  gravity,  0*998°;  and  (3),  as  a  second  solid  (metatoluidine)^ 
melting  at  134'6°  F.  (57^  C.)»  and  boiling  at  464^  F.  (240°  C). 


Coal-Tar  Dyes:  Aniline  Colors. 


AniliDe  Purple;  Mauve* — Preparation. — ^By  the  action  of  sul' 
phuric  acid  and  potasaic  bichromate  on  aniline.  The  mauve  is 
extracted  from  the  residue  by  hot  alcohol. 

Prtrpertisa, ^^It  is  insoluble  (or  nearly  so),  in  water,  ether»  etc.,  but  is 
'freely  soluble  in  alcohol,  acetic  acid,  etc.  The  base  of  this  compound 
is  a  colorless  body,  called  mauveine  (C-ryH^^N^). 

Aniline  Red »  ReBaniline* — Preparatitm, — By  the  action  on  aniline 
of  rarious  reagents,  such  as  stannic  chloride,  meruuric  salts,  arsenic 
acdd,  and  many  other  oxidizing  agents.  The  base^  rosaniline,  is  color- 
less, and  has  the  composition  Cgj^Hii^Nj.  It  is  freely  soluble  in 
alcohol,  but  is  scarcely  at  all  soluble  in  water.  From  rosaniline,  by 
the  replacement  of  hydrogen  by  alcohol  radicals,  various  other  basea 
forming  coloring  matters  with  acids,  have  been  formed.  By  the  action 
upon  it  of  ammunic  sulphide^  or  of  free  hydrogen,  leucanilim  CgoH^iN^ 
is  formedj  the  hydrochlorate  of  which  is  white,  but  is  converted  by 
loxidizing  agents  into  roBaniline. 

To  obtain  a  red  from  aniline,  it  is  said  to  be  essential  tliat  the 
laailme  should  contain  toluidine*  inasmuch  as  pure  uniline  (1.  e^^  aniline 
derive*!  from  benzoic  acid)  yields  no  red  coloring  bodies. 

Aniline  lAm;  IVipienyl-rosaniline.   (C^o^^ 
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paration, — By  boiling  Toaamline  with  an  excess  of  aEiline  at  from  300** 
to  320°  P.  (150^-160°  a). 

Aniline  Green.  («0 — Aldehf^de  grem. — Preparation,  —  By  adding 
aldehyde  to  a  solution  of  magenta  and  sulphuric  acid,  and  treating 
the  product  with  sodic  thiosulphate. 

(ft.)  Iodine  Grem* — By  the  action  of  methyl-  op  ethyl-  iodide  on 
aniline  Yiolets. 

Aniline  Yellow  contains  a  well-defined  base  called  chrysaniUne 
(Cgt,Hj7N3).  It  is  found  amongst  the  secondary  products  of  aniline 
red-     Its  nitrate  is  insoluble  in  water. 


Phospliines  :  Axsines :  Stibines  :  Bismnthines. 

Fhosphorus,  arsenic  and  antimony,  like  nitrogen,  form  compoiim 
with  three  atoms  of  hydrogen,  viz.,  FH-i,  AsH^,,  Sbllj,  which  bodiet 
also  form  compounds  analogous  to  the  amines  (termed  phospktnes, 
argines,  &a),  excepting  that  in  AsHj  and  in  Sbll^,  the  replacement  of 
the  hydrogen  is  always  complete. 

Properties. — They  are  moatly  liquids,  having  a  very  strong  odor. 
Many  of  them  are  spontaneously  inflammable.  They  have  great 
affinity  for  oxygen  and  for  the  haloids,  forming  compounds  in  which 
the  metal  is  quin-quivalent.  Thus  we  have  sHbcihyl  oxide,  B}f{QAl^fi\ 
utihethyl  chloride^  Sb*(C<,Hi5)5Cl^,  etc.  The  tertiary  compounds  form, 
with  ethylic  or  methylic  iodide,  compounds  from  which  argentic 
oxide  separates  the  hydrates  ;  thus — 

P(CH,),HO;  r(C,H,),(HO);  AB(aH,),(HO)  ;   8b{C,H„UH0),  etc. 

Hydrate  of  lljdrate  of  Hydrate  of  Hydrate  of 

tetramctiiyl  tetrelhyl  tetretliyl  tetrftmyl 

phosphine ;  pho«phine ;  arsin© ;  stibiae. 

Some  of  these  compounds  are  stated  in  the  following  table  : — 


I 


Boiling  pozat. 

Nmne. 

Fonnula. 

Sp,  Gr. 

Proper^. 

F. 

0. 

PhosphimM, 

Methyl  pboapbine 

PH„(CHJ 

6-8 

—14-0 

, 

DimBthyl  phosphine  . . 

ph[ch^. 

77*0 

2&-0 

\ 

Trimetliyl  phosphine . , 

P(CHJ, 

106-8 

41^0 

A  ooloTleas  oil,  very  tov 
tile. 

Ethyl  pliOBphine , .      ,J 

rn,(C^,) 

77-0 

25*0  1 

Diethyl  phoapWne     ,, 

ek!-'- 

IB&a 

gfi'O 

Trietkyl  phoephind    , . 

261^5 

127"6 

Prap&red  bj  the   aetiottj 

of  phosphorous  chlo^W* 

(PCL)  on  zinc  Pthyl. 
A  coforlctsB  oil»  owdiwi 

in  air^  And  explode*  ^T 

Artinei. 

heftt. 

TriEneihyl  arsme 

Ab(CHJj 

:^4S*0 

laO'D 

Preptred  by  the  iietioo  a* 
aetliylic  iodide  on  *J 
alloy    of  aneoic  «» 

I 

\ 

\ 

\ 

\ 

sodium* 
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H        Name. 

Formuift. 

Sp.Or. 

Boiliflg  point. 

Properties. 

C     p_ 

'C. 

^^^rnn^i  (coot*). 

Trimethyl  atibine      .. 

Trietliyl  Btibine  . ,      . . 

(Stibethyl) 

^hijimyl  Btibine  » ,     . . 

BtMmuthm*. 
Trie  thy  I  biamutbine  , . 

1 

Aa(CA)3 

8b(CH  J 
Sb(C,tfJ, 

8b(C.H„). 

1-82 

284*0 
316  4 

140*0 
168  0 

Prepared  by  the  action  of 
ethylic  iodide    oo    an 
alloy    of    aiaenic    and 
iodium.      A    colorleaa 
liquid,  baying  a  very 
disagre««ble  odor. 

Prepared  by  the  aetlon  of 
ot hylic    iodide  on    an 
alloy  of  antinjony  and 
potassium.        Odor  of 
onion« ;           combines 
powerfully  with   oxy- 

Prepan^  by  the  action  of 
fsthylic    iodide    on    an 
alloy  of  biamuth    and 
potaaaium.     A  yellow 
nauiooufl  liquid. 

Arsen-mono-methyl— KakodyL 

It  will  be  oonvenient  to  examine  these  bodies  here,  which,  however, 
It  must  be  specially  noted,  are  not  formed  on  the  ammoma  type. 
ArseE-moilO-niethyl ;  A8(CH;i).  This  radical  is  not  known  in  the 
ee  state.  It  forms  compounds  by  combining  with  either  two  or  four 
atoms  of  a  univalent  element  or  compound  radical,  or  their  equivalent. 
J  Thus  it  forms  a  dichloride  As'"(CH.,)CL,   which   is   a  heavy,  very 

oiBonoua  liquid,   and  a  Utrachlondey  A8^(CH3)Cl4,  a  stable  cryatal- 
ae  solid;  on  o.t*W<?,  As' "(CHj)O,  a  bi basic  acid,  arsen-tnetht/Uic  acid, 
^(CH3)0"(OH)..  a  sulphide,  As"XCHa)S,  etc. 

Kakodyl  (Cacodyl);    Anm-dimihyl  (As' ''4(0113)4),  or  AB(CH|)g 
ails  at  338°  F.  (170°  C).     Freezes  at  42*8^ F,  (6°  C.)* 
Pffparution* — (a.)  By  distilling  together  potassic  acetate  and  arsa- 

ions  oxide,  a  spontaneously  inflammable  liquid  is    formed,  called 

ikardn  {Cadet^s  fuming  liquid). 
4KaH3CX^    -f    AsA    =    AB^iCn^)fi    +    2KfiO^    +    200^ 

Potassic  -f  Arseniaua  ^  Alkarsin  +       Potasaic       'f  Carbooic 

acetate  oxide  carbonate  anhydride. 

/3.)  This  alkarsin  combines  with  acids  to  form  salts.     Thud,  bj 
ag  upon  it  with  hydrochloric  acid  it  forms  a  chloride,  thus^- 

^(CH,)40       H-       2HCI       ^       AB^(CU^Va.i       ^       ^^^^ 

AlkATEin  -f  i/ydrochJoric    =  CMoride  ot  -V        "^^^^i- 

acid  alkaxuA 


(y.)  By   diatiDing  tliis   cHoride   of    alkarsin  with   zinc,  kairo 
[A«£(CH3)4]  is  obtained,  together  with  zincic  chloride,  which  lati 
product  may  be  dissolved  out  with  water. 

Properties, — (a,)  PhysicaL    Kakodyl  is  a  colorless,  transparent,  oi] 
liquid,  having   a  most  offensive  odor  (*ravoc  bad).     It  is   intensely 
poisonous.     It  boils  at  338"*  F.  (170^*  G-),     At  a  heat  below  redness  it 
resolves  itself  into  arsenicumi  methane,  and  ethane; — 

Asj^CCHOi        =        As^         -f  CgH^        H-         aCH^, 

Ej^Lodyl  ^      Araenicum     -|-      Ethene  (1  toI.)  ^  Mettiaiie  (2  ^ 

(/3.)  Chemical*  Kakodyl  catches  fire  spontaneously  when 
into  os^ygen,  air,  or  chlorine^  and  it  also  combines  directly  with 
Bulpbur.  If  the  air  in  contact  with  it  be  limited,  it  forms  kakodyl 
oxide,  AsotCIis J^O,  and  in  the  presence  of  water,  kalodylic  acid.  Tha 
following  are  some  of  its  compounds : — 


Hi*      M 
poure^l 


Name, 


Kakodyl  oxide 


Eftkodyl  dioxide 


Kakodylic  acid  (al- 
kaig«B]       .  *     . 


Kakodyl  chloride 
(Araen  oliloro- 
dhnolMde) 


Kakodyl  trichloride 
Kakodyl  iodide 
Kakodyl  cyanide    . . 


Kakodyl  sulphide  . 
Kakodyl  diauiphido 


Formula* 


Ai,{CH,),0, 
Aa'tCHJ,0''(nO) 


A«'"(CH,)^Cl 


Ag'(0Hj,),Cl3 

Aa(CHj),l 

AfllCHJaCy 


Preparation,  Propeitiei,  ett. 


Fr^paratimt,  —  By    the    alow    oxidatioa 

kakodyl. 
FropertUn, — A  eolariesa^  pungent*  oily  liquil' 

Boils  at  120^  C,     rt  explodei  when  heated 

to  190-4''  F.  (88^  C.)t  hut  does  not  die  m 

the  air.     It  ia  insoluhle  in  water,  hut  ii 

eo)ahl6  in  nCl^HBr  and  HL 
Der  omposed  by  water  into  kikodyl  oxide  and 

kflkodylic    acid,    2(Afi.,C11.0j4-H,0=A% 

(Cnj,0+2As(CH3LO(IlO). 
Preparatwu, — By  the  slow  oxidadoD  of  kafcft- 

djl  in  the  presence  of  moisture. 
Properties, — Deliquescent  crystals,  soluhle  m 

water  and  m  alcohol :  reaction  acid.    It  ii 

very  Btahle,  and  is  not  eyen  affected  bf 

hoiUng  nitro-hydrochloric  acid.     It  if  d*- 

composed  hy  dry  HI.     It  comhinea  iritl 

HCl.     It  is  decomposed  by  PCl„  fonnin| 

a  trichloride.  It  is  not  poisonous. 
Prrparati^n.—By  distilling  alkanun  with  HCl 
Fropertieg.'^A  cdorlen    liquid,    volatile  it 

ordinary  temperatures.    Soluble  in  akx^ot; 

isaoluble  tn  water  or  in  ether.     The  rapoj 

inflammable,  and  has  a  speoifio  grarity «' 

4*56". 
Preparation, — By  the  action  of  PClj  on 

kodyHc  acid. 
Preparation, — By  distilling  alkaiain  with  { 

strong  solution  of  HI, 
FtaparcUion,  —  By  distiUiiig    aikarsin 

HGy,  or  by  the  action  of  osdde  of  1 

dyl  on  cyanide  of  mercury. 
JVoyx'r/wA— CrystoUiiie.     Melts  at  91*4" 

(33"  C),  and  boils  at  284'  F.  (140*  f 

The  Tapor  is  Tery  poisODomu 
A  liquid,  boiling  at  about  248'  F.  (120'  (^\ 
Prtfmr^Uon, — By  the  action  of  H„b  on  ka*'" 

dylic  acid. 
Propertieii,~U  yields  salts  of  tulpho-kftkodf 


^^^^^^H 

"^^1 

IP        Organo-Boroii,  -Silicoiiy  and  -Metallic  Campounds.            ^^| 

^    Boron,  silicon,  and  certain  metals,  also  combine  with  aloobol  radi-    ^^H 
^■alsy  forming  compounds  built  tip  on  the  ammonia  type.                          ^^^1 

B                          Organo  Boron  Compounds.                              ^^H 

I         These  are  compounds   of  boron   with   hydrocarbon   radicals  (as         ^M 
methyl;  CII^),  the  boron  being  directly  combined  with  the  carbon —          H 

^H          Name. 

Formulft. 

PrepaTatioDBf  Propertiefl,  etc.                        ^M 

^H  Boric  methide 
^^H^  ethide 

of  zinc  methide  lo  boraciu  ether  2[B(C^.),           ^1 
OJ  +  3[Zii(CH,)J=2[B(CH,y -h3[:?r(C,           ■ 

Properties, — A  heavr  pungent  gas;  tpccific            ■ 
gravity  1-93 ;  condenaeu  at  60'  F,  (10'  C),           H 
under  a  praaaure  of  four  atmofpheret ;  in-          _■ 
flames  spontaneously  in  air ;  combines  with    ^^H 
ammonia  to  form  ammonia  boric  metbid«  ^^^H 
(NH,.B(CH ),).                                             ^H 

Pre/»ara^w«.— By  adding  an  ethereal  solution         ^H 
of  zinc  ethide  to  boracic  ether.                             ^M 

FropertUs,  —  A    colorless    liquid ;     speoifio          ^H 
^vity,  0-696;  boilt  at  203^  F.  (96*  €,}  ;          ■ 
inflames    spontaneously    in    air,   burning          ^M 
with  a  gTND   flame.      It  eom  bines  with          ^M 
ammonia  to  form  ammonia   boric  ethide,           ^M 
KH^  B(C.HJ,.                                                    ■ 

^m                          Organo-Silicon  Compounds.                            ^^M 

^H    Componnda  of  silicon  with  hydrocarbon  radic&lS|  the  silicon  being         ^M 
^^irectly  combined  with  the  carbon—                                                                 ^ 

1 

Boiling  Pt. 

1 

op 

^C. 

^^piliric  methide 
^hilleic  ethide 

^^ft^^  J[Vrt  M  tiv€i . 

^^^kmethjUte  .. 
^^■■c  etbylate 

Si(CH;, 

SiCC,HJ, 

SifCH  ),0, 

1    86*9 
306-6 

249-8 
331-7 

30-6 
152*6 

121*0 

166-J5 

Preparation. ^Bj  the    action   of          ^H 

xino  methide  on  silicic  chloride.   ^^^H 

preparation,— ^y  the    action    of  ^^^H 

^M                            Organo-Uetallic  Bodies.                               ^^H 

^H  These  are  oompounda  of  a  metal  and  an  alcohol  TaAlcftX,  \ki&  Ta^ef^t^ 
^B>eing  iirecUf  combined  with  the  carbon  o£  the  xadkal.    Tiixk»  iasi& 
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ethyl,  Zn(CtH5)e  is  an  OTgano-metaUic  body,  and  may  be  represent 


H    H  H    II 

H— C— C— Zn— C— C— H 

I  I 

II  H 


u 


H 


H   n 


^ 


I 

H 


whilst  zinc  ©tbylate  Zii{i\}l^)^0^  ta  mot  an  organo-metallic  body  (for 
the  metal  is  not  directly  connected  with  the  carbon  of  the  radical),  but 
ifi  simply  an  organic  body  containing  zinc,  and  may  be  represented 
thus — 

H    II 

H— C--C— O— Zn— 0 

I      I 
II     H 

Preparation, — (L)  By  the  action  of  a  metal  on  an  iodide  of  tli« 
monad  positive  radical  under  the  influence  of  heat,  or  sometimei 
of  light— 

2(C2lI,)I       +      Zn«      =       Zn(C,H,).       +       Znl^ 
Ethylic  iodide      +       Zinc       ^        Zincic  ethjle        -|-  Zindc  iodide. 
(2.)  By  the  action  of  alloys  of  the  metals  with  K  or  Na,  on  an 
iodide  of  the  monad  posit iye  radicals— 

2(C«H,)I       +       HgNa.       =       Hg^(C,H,),       +       2NaL 
Etliylio  iodide      +      Sodium  and     ^       Mercuric  atfaide       +    Sodic  iodid9. 
mercury  alloy 

(3.)  By  the  action  of  haloid  salts  of  the  metals  (as  Sn'^Cl^),  on  thfl 
zinc  organo-metallic  compounds— 

SnCU       +      2[Zn(C2H,)^]     ^       8n(Con,)4       +       2ZaCL 
St&Dnic  chloride  -f  Zinc  ethyle  ^      Stannic  othyle      -h  Zindc  ckbride. 

(4,)  By  the  displacement  of  one  metal  in  an  organo-metallic  com^. 
pounds  by  a  second  and  more  positive  metal — 

Hg(C,H,,),        +         Zn         =-        Zn(C,Hi,)=         +       Hg. 
Mercuric  atnjlide        -|-  Zinc  ^  Zincic  omyUde  -\-    Merciiiy. 

Some  of  these  organo-metailic  compounds  are  represented  in  t2te 
following  table : — 


Name. 


Sodic  ethlde  . , 

Zincic  ethide . » 

,,      metbide 

,,      amylide 

Htroitric  methide 

tf       etbido 
Btannoua  ethide 
Stannic  etblde 
Plumbic  e  till  do 
Aluminic  mcthido 


Formula. 


Na(C^Hj) 
ZnCA), 
Zn(CHJ, 

Hg(Cn), 

SnfC,b,l, 
SnC,Hj, 
Pb(GJa,), 


AMIDES,   IMIDES,  ALKALAMIDES,  lOTBILES. 
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Por  ftirtlier  details  as  to  the  properties  of  these  organo-metallic 
bodies,  see  Franldand's  Lecture  Notes,  Vol.  ii.,  p*  227, 

V  Amides ;  Imides;  Alkalamides;  HitrQes. 

\^    An  amide  ia  a  coiapoued  of  amidogen  (NHg)  and  an  acid  radical. 
We  may  regard  the  amides  either  as : — 
(1.)  Derivatives  of  ammonia ;  or  as 
^_     (2,)  Derivatives  of  organic  acids. 

^P    1.  A%  derivatives  of  ammonia;  that  is,  an  amide  may  be  regarded  as 
^an  ammonia  where  one  or  more  atoms  of  hydrogen  are  replaced  by 
an  acid  jadk-at,  i,e.,  a  radical  containing  oxygen  (such  as  C.JI^O,  the 
radical  of  acetic  acid). 

[N-B> — An  amine  is  regarded  as  an  ammonia  where  one  or  more 
atoms  of  hydrogen  are  replaced  by  an  alcohol  or  hijdrocarhon  radical^ 
r. «,,  a  radical  containing  no  oxygen  (as  CH3,  methyle,  etc.)]. 

Thus  the  amides  may  bo  obtained  from  their  ammonic  salts  by  the 
abstraction  of  water,  and  may  be  converted  into  their  ammonic  salts 
by  the  assimilation  of  water. 

Thus  by  driving  off  water  by  heat  from  ammonic  acetate  or  am- 
monic oxalate  we  obtain  acetamide  and  oxamide  respectively.  Thus : — 

I       Ammonic      —Waters    Acotamide    ;      Ammonie     —  Water   ss      Oitamide. 
acetate  oxalate 

and  conversely,  by  beating  acetamide  and  oxamide  with  water,  we 
xeproduce  from  them  ammonic  acetate  and  ammonic  oxalate. 
2.  A 9  derivatives  of  acids :  that  is,  an  amide  may  be  regarded  aa 
an  acid  where  the  group  (HO)  is  replaced  by  amidogen  (NHg), 

Thus,  by  acting  with  ammonia  on  a  chlor-acid,  as  acetylic  chloride 
(which  is  acetic  acid,  0^11^0(110),  where  01  has  replaced  the  group 
(HO)),  we  obtain  acetamide.     Thus: — 

C5HACI      +       NIIj      =C,H,0(NH,)+  HCl, 

Aoetjlio  chloride     -f-     Ammoma    ^    Acetamide        -f     Hj'drochloric  add. 

Thus  it  would  appear  that  we  maj  formulate  the  amides  in  two 
Ways.     For  example  :  acetamide  and  oxamide. 
(L)  As  amtnonia  derivatives  tliey  may  be  stated  as  follows : — 


{ (C,H,0) 


NHg(C.H30)  ;N4^H 


)  u 


l( 


C,0,)" 


(NH,),(C,O0. 


AoQtamido  ; 


Oxamide, 


(2.)  As  acid  derivatives  (of  acetic  acid,  C11,CO(IIO),  and  of  oxalic 
^^d,  CgOg(I10)a  respectively),  as  follows  : — 

05H,0(Nn^),         or        C.Oa(NH^\. 
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An  imide  is  ^^  ammonift  demative  where  two  of  the  three  hyi 

gen  atoms  are  replaced  by  one  molecule  of  a  bivalent  acid  radical. 

A  n  ivmhy  there for^j  u  a  cmnpmind  of  imidogen  (NH)",  and  a  bivalent 
acid  radical.     Thus: — 

(Nliy'(C,nAr=Succiiiiimde.  f 

Ati  alkalamide  may  be  regarded  as  an  ammonia  derivative  where 
the  hydrogen  is  partly  replaced  by  an  alcohol  (positive)  radical, 
partly  by  an  acid  radical :  e.g, — 

Ethyl  acetamide=NH  (C^H^)  (C^H^O). 

There  are  no  primary  alkalamides,  inasmuch  as  two   atoms  of  hy- 
drogen in  every  case  must  be  substituted. 

We   append  tables  of  the  chief  amides  of  monatomic,   diatoi 
and  triatomic  acids. 

I.— Amides  of  Monatomic  Acids. 


aere 


Name. 


Formula. 


Add  from 
wbich  derived 


'ximBry  moiiainide«. 


Setond&ry  monamideA 


Secondary  moxmrnidoA 
or  secondary  alhtk^^ 

Tertiary  monamidefl,  or 
tertiary  alkaUmidea 


/  Aoetaroide 
\  Bcnzamide 


iDiacetamide 
Succininiida 

Ethjl  aoetamide 
Ethyl  diaeetamide 


NH,(C,HjO) 


Acetic  acid 
C^H^OCOH) 

Benxoio  amd 


A  white  aolid ;  i 
172-4^   F,    f7S'\ 
iLDd  boih  at  4^| 
(221°  C.) 

A     crystaUiM 
melts     at    JJi*J 
(Uo^'C.),  taii 
iizea    luutlu 
Dies'  P,  (SH 

These  cocti ' 
Talent  acid 
ar«caUed  imii^ 


II.— Amides  of  Diatomic  Acids. 

Tbese  are  of  three  kinds — 

(n.)  An  aeid  amide  or  amic  acid,  prepared  from  an  aeid  ammo 
salt  by  the  abstraction  of  one  water  molecule,  e,g, : — 
(NHJC,H,0, (add ammonic  succinate)— H/l=fC,n,0 J''(NHJ{ OH) (iuccbamie acid) | 

(fl. )  A  neutral  monamide  or  imid^^  prepared  from  an  add  ai 
salt  by  the  abstractloa  of  two  water  molecules  ;  «.^. : — 
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(y.)  A  neutral  dkmide  prepared  &om  a  neutral  ammoiiic  salt,  by  the 
f  abstraction  of  two  water  moleculoa;  e.g.  i- — 
(KHJjp^H^O^  (neutral  ammomc  BuMumte)  s:  (C4H,0J"(XHJ,  («uodnftmide)  -f  2H3O. 


^MlU 


Nome. 


salts 
f  oQulio     sddH 


salts 
r  sttociiiie  acid 
W)i(OH). 


tmmonia  salts 
f  carbonic  acid 
|0(0H). 


Oxsmic  acid 


Oximide  (f) 

Ox&toide  ., 


Succinamic  add 
SucHmmido  . , 
Btic^iiiaiiudo    . , 

CarbBmicacid,, 


I  CarHmide 
lOarbamido 


f 

I      mn 


Formula. 


(C,OJ"(NHJ(OH) 


(C,OJ"(NHJ, 


(conNiij(oir) 


Pmpertiea. 


White  cryitals ;  forms  salts*  If  NBl 
be  rpplaeed  by  ethyl ,  an  aoia 
oxamic  ethor  is  formed,  but  if  tbo 
(OH)  be  replaced  by  ethyl,  a  neu- 
tral ether  reeulta. 

Formed  also  by  the  action  of  HCN 
on  ILO.J.  booompoaed  by  heat 
into  HCN  and  iirwi  CjnjNHjj= 
CO+CO,+NH,+CyH+CNjtr,0 


I 


Not  Vnown  in  a  free  state,  but  as  an 
ammooirt  ealf,  which  when  heatod 
forms  ammomc  carbonate  and 
urea.  It  forms  acid  and  neu 
etbere, 

Correapoada  to  cyanic  add. 

Corre^pottds  to  urea. 


Ill,— Amides  of  the  Triatomic  Acids, 


DOnia     salts  t  Malamio  aoid  . 
maUe     sdd  \  Malimide  (P)  . 
tJ,H,OJ"'(OH),  (  Malamide 

kjnsaonta     salts  t  Citramic  acid  . 
r      citric     acid  J  Citnraide. . 
fc^H,0,)^"(HO),  (  Citramid* 


(?) 
CP) 


Kot  known  in  the  free  state. 
Metamenc  with  asparagin. 


A  nitrile  ia  an  ammonia  derivative,  where  the  three  hydrogfen 
atoms  are  replaced  by  a  trivalent  radical. 

Thus  the  cyanides  of  univalent  fUcohol  radicala  may  also  be  regarded 
nitriles ;  for  example  : — 
Hydrocyanic  acid  CHN  =       (CH)N  formonitrile. 

Methylic  cjanide  CIla^CN       ^       (CjH^,)"^N     acetonitrile. 
Ethylic  cyanide     Cglls-CN      =       (C.,H5)'"N     propioaitrile. 
Phenyl  cyanide     C6H,,CN      ^       (C|H,)"'N     benzonitrile. 
The  term  '*  nitrile  "  is  applied  to  all  bodies  similar  to  those  obtained 
'  the  abstraction  of  two  molecules  of  water  from  ammoniacal  salts, 
and  which  are  capable  of  being  again  reconvertGd  into  the  ammonia 
Thus,  if  aramonic  benzoate  be  distilled  with  anhydrous  phoa- 
phoric  acid,  it  furnishes  beuisonitrile, 

(N  11^)07 11,0         =       (C7H,)"^N        4-         *iU^O- 

Amnionic  hmzo&te       =s        Benzonitnlo  \  Nf  vAat. 

X   Z 


wWlet  ammonic  benzoate  is  re-formed  on  boiling  benzonitrile  with  ' 
dilute  aelda  or  alkalies. 

By  the  action  of  filming  snlpburic  aoid,  tli©  nitxiles  yield  sulplio- 
acida.     Tbus  benzonitrile  yields  Bulphobenzoic  acid —  ^M 

(c,n,tnso,)co,n).  ■ 

By  the  action  of  potaasle  hydrate,  the  nitriles  yield  ammonia  and  a 
salt  of  the  corresponding  add  containing  the  same  number  of  car- 
bon atoms.     Thus  : — - 

(CVII,)"N     +     KIIO     +     H^O     =     NH5     +     KC7HA 

Beoxo-iiitrile     -f    Potaasic     +     Water     ^  Anuaouiii  -h         PoUmms 
hydrate  benzoato. 

This  last  reaction  is  important,  inasmuch  as  certain  cyanides  or* 
nitrilea  have  been  obtained,  which,  under  the  influence  of  hydrating 
agents,  yield,  instead  of  amnionia  and  the  corresponding  acid,  m 
amine  (or  alooholic  ammonia)  and  formic  acid.  These  are  known  M 
isaci/ankles  and  earbaminejf.  For  example:  by  the  action  of  chloro- 
form on  aniline  we  obtain  phenyl  isocyanide,  a  body  isomeric  wiA 
benzonitrile.    Thus : — 

Amline  +        Chloroform        z=  HydrocMorio  add  -h  Phenyl  is 

(a/)  But  phemjl  isoei/anHkf  when  boiled  with  a  dilute  acid,  yie 
formic  acid  and  aniline.     Thus : — 

C^H.N       +         2H5O        -=        (Celljr'^       -f       CHA 
Phenyl  iiocyanide -{-  Woter  ^  Aniline  +     FoniucAcid.| 

(fi.)  Whereas  fitvizmiifnVtr  yields  benzoic  acid  and  ammonia,  Thaa;-^ 

C^H^N         +         2IL0         ^        NII3         +         C7UA 
Benzo-nitrile       +  Water  =        Ammonia       -f        Bdoi^oie  acii 

The  isocyanides  are  un affected  by  alkalies,  whilst  the  nitriles  J 
easily  decomposed, 

^U  Tests  for  Certain  of  the  ALKALOioa 

I.  Alkaloids  of  Vegetable  Origin, 

Kicotine* — V  Tobacco  odor.  Turns  brown  by  exposure, 

2.  Solubflitt/.    Soluble  in  water,  alcohol,  ether,  and  in  the  fixed 

3.  Heat,  Volatile. 

4.  Auric  and  platinic  ehiorides  give  precipitates. 
Does  not  coagulate  albumen. 
Conine. —  l-  Odor  of  mica 

2.  Solubility.  Soluble  in  ether  and  alcohol;  almost  in»oliiW* 
water. 

3.  Heat.  Volatile, 

4.  Atttie  chloride  l\j\Lt  tiqI  PtCU)  gives  a  precipitate. 
Coagulates  albumQu. 
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Quinine. — !•  Crystals;  tufts  of  needles.  Solutions  of  quinme  salts 
are  fluorescent. 

2.  Solubility.  Soluble  in  alcohol,  ether,  etc. ;  slightly  soluble  in 
water. 

3.  Heat.  (1.)  Entirely  dissipated  and  decomposed  when  heated  on 
platinum  foil.  (2.)  Gives  a  yiolet-red  sublimate,  with  quinoline  odor, 
when  heated  in  a  test-tube. 

4.  Sulphuric  acid  dissolves  it.  The  color  produced  is  a  faint  yellow. 
(Salicine  gives  a  red.) 

I^tric  add  dissolves  it ;  no  color,  but  turns  yellow  when  heated. 
Chlorine  water  and  ammonia;  a  bright  green  solution. 
Chlorine  water,  potaaeic  ferrocyanide,  and  ammonia;  a  deep  evanescent 
red  solution. 

5.  Turns  the  plane  of  polarization  to  the  left. 

Cinchonine. — l*  Crystals ;  four-sided  prisms.  Solutions  of  cincho- 
nine  salts  are  not  fluorescent. 

2.  Solubility.  Soluble  in  alcohol;  very  slightly  soluble  in  water; 
insoluble  in  ether. 

3.  Heat.  Similar  to  quinine. 

4.  Chlorine  water  and  ammonia ;  a  yellowish  white  precipitate. 

6.  Turns  the  plane  of  polarization  to  the  right. 
Morphia. — l.  Crystals ;  four-sided  prisms.     Taste,  bitter. 

2.  Solubility,  Soluble  in  water  and  alcohol ;  insoluble  in  ether. 

3.  Heat.  Melts,  inflames  like  resin,  leaving  a  little  charcoal,  which 
soon  bums  away. 

4.  Nitric  aeid  turns  it  red ;  color  destroyed  by  SnClg  and  (NH4)g8. 
(See  Brucia.) 

Sulphuric  add  dissolves  it ;  solution  colorless. 
Ferric  chloride  (Fe^Cl^  neutral) ;  colors  it  blue. 
Narcotine. — l-  Crystals;  rhombic  prisms. 

2.  Solubility.  Insoluble  in  water;  soluble  in  alcohol  and  ether. 

3.  Heat  Fuses  and  is  finally  dissipated. 

4.  Sulphuric  add.  A  red  color  when  heated. 
Chlorine  water  and  ammonia ;  a  yellowish-red  liquid. 
Atropine. — !•  Crystals;  silky  needles. 

2.  Solubility.  Slightly  soluble  in  water  and  ether;  soluble  in 
alcohol  and  chloroform. 

3.  Heat.  Fuses  at  194°  F.,  decomposes  and  partially  sublimes. 

4.  Auric  chloride  ;  a  yellow  precipitate. 

Aconitine. — l.  Crystals  not  well  marked.  When  a  minute  particle 
is  placed  on  the  tongue,  it  produces  tingling  and  numbness. 

2.  Solubility.  Slightly  soluble  in  cold  water,  soluble  in  alcohol  and 
ether. 

3.  Phoiphoric  add ;  a  violet  tint. 

Sulphuric  add  turns  it  yellow,  changing  to  a  dirty  violet. 
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strychnine. — l-  CryatolB;  octahedra.    Taste  intensely  bitter. 

2.  JSoluliliti/,  Soluble  in  chloroform  and  methylic  alcohol ;  slightly 
Boluble  in  water  and  dilute  alcohol ;  insoluble  in  absolute  alcohol  or 
ether.  ^M 

Z.  Beat  Slightly  volatile.  V 

4.  Sulphuric  acid  diaaolvea  it  without  change  of  color ;  on  adding 
MnOg  or  PbO^t  etc.j  to  the  acid  solution,  a  play  of  color  from  purpli 
violet  to  red  is  obtained. 

5.  The  physiological  teat  on  a  frog  is  infinitely  the  most  delicate. 
Srncia. — ^ »  Crystals ;  needles  arranged  in  stars. 

2.  Sohthiliiif,  Soluble  in  water  and  alcohol ;  insoluble  in  ether, 

3.  Nitric  acid.  A  bright  red ;  becoming  yellow  by  heat ;  violet  bj 
SnCl^i  or  (NH^)jS.     {See  Morphia.) 

4.  Chlorine  water,    A  red  solution^  becoming  yellow  with  amrnoni*. 
Caffeine. — l-  Crystals  ;  silky  needles.     Taste  very  bitter. 

2.  Svfnbilify,  Soluble  in  water,  alcohol  and  ether. 

3.  Meat,  Melts  and  sublimes. 

4.  Nitric  acid.    Solution  red  when  evaporated  to  dryness ;  ta 
purple  on  adding  ammonia. 

II,    Alkaloid  of  Animal  Origin. 

Urea. — l  >  Crystals ;  four-sided  prisms  permanent  in  air. 

2.  Soiuhiliii/.  Soluble  in  water  and  alcohol ;  iosoluble  in  ether. 

3.  Meat.  Evolves  XH, ;  partially  sublimes* 

4.  Nitric  arid.  Forms  crystals  of  nitrate  of  urea. 
Fatassic  ht/drate  and  heat ;  evolves  ammonia. 
Oxalic  acid;  deposits  tabular  crystals. 


III.    Artificial  Alkaloid. 

Aniline. — l-    Liquid,  with   fragrant  odor,  becoming   brown 
exposure. 

2,  Soluhiliti/,    Slightly  soluble  in  water ;  very   soluble  in  aloi 
and  ether. 

3,  Meat,  Volatile. 

4,  Alkaline  hypochlorite  (chloride  of  lime)  ;  a  purple  color. 
Heated  with  mercuric  chloride^  and  the  residue  dissolved  in  i 

forms  a  magenta  solution.    A  solution  in  dilute  sulphuric  acid  j 
mitted  to  electrolysis  turns  blue  (changing  to  violet)  at  the  pofliM 
pole  by  the  action  of  the  nascent  oxygen. 
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CHAPTER  XXIX. 


COLORINQ  MATTES8. 


Nsttinil    History — Genetal  Freparatioa   and    PropartiM — ^Tellom— Bods — BluM  — 
Browna — Blicks. 
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BiTFFLBJosNTAKY  CHAPTER :  Dymg  Aod  Calloo  PriDting^ 


Natural  HiHory, — A  few  coloring  bodies  are  found  (1)  in  the  animal 
kingdom,  such  as  cooliineal  and  sepia,  but  they  occur  akaoat  eEtifely 
(2)  in  tlie  vegetahh  kingdom* 
Preparation, — (L)  By  solution  in  water,  spirit,  ether,  or  oils, 
(2.)  By  fermentation  (e,^.,  iadigo,  madder,  archil,  and  litmus). 
Preparation  of  Indigo. — The  leaves  of  plants  of  the  species  iDdigofera, 
are  placed  in  water  and  allowed  to  ferment,     A  yellow  soluble  sub- 
ce  is  fijst  formed,  which  in  timo  turns  blue^  and  becomes  ineoluble. 
lis  constitutes,  when  dried,  the  indigo  of  commerce.    The  change  of 
or  is  due  to  the  oxidation  of  a  body  existing  in  the  plant,  called 
Hcan. 

Preparation  of  Madder, — Madder  is  prepared  by  a  similar  method  of 

irmontation,  whereby  a  yellow  substance  present  in  the  plant,  called 

bian  (CoflH^^Oia),  becomes  converted  into  alizarine  (Ci^HaO^). 

Preparation  of  Archil  and  Cudhar, — The  plants  are  first  digested 

ith  lime  and  water,  and  the  clear  filtered  solution  neutralized  with 

bydrochloric  acid.     The  white  precipitate  thus  produced,  consisting 

[)f  one  or  more  acids,  such  as  erythric,  evemic,  and  lecanoric  acid, 

I  dissolved  in  hot  alcohol.     This  solution  is  then  boiled  with  lime, 

by  which  means  the  acids  are  decomposed.     The  clear  solution  from 

rhich  the  excess  of  base  has  been  removed,  yields  on  evaporation 

lid  extraction  with  boiling  alcohol,  the  colorless  body  called  orcine 

(CtHuOJ,  which  by  the  action  of  air  and  ammonia  forms  the  red 

oloring  matter  orcein  (CyH^NO,). 

In  practice,  the  arcfid  and  the  cudbear  are  mixed  with  lime  and 

ae  (the  latter  to  furoish  ammonia),  and  exposed  to  the  air  for  some 

lireeks.     In  the  case  of  iitmttftj   ammonic  and  potassio  carbonates  are 

lused  instead  of  lime  and  urine.     The  red  color  produced  in  the  case 

Df  litmus  is  iUdiitmine  {Cjlii(y^0^)f  which  differs  from  oroeine  in  its 

olubility  in  alcohol. 

(3.)  By  artificial  processes,  such  as  indigo -blue  >  which.  1%  ^x^^ca^ 
om  aoeto-phenone,  alizarin  from  anthraceae,  etc. 
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Properties.  —  {Oeneral),  —  Tlie  organic  coloriag  matters  ar©  solid 
bodies.  Some  of  tbem  are  crystalline,  sucli  as  alizarin,  moritannio 
acid,  heeinatoxyliB,  etc. 

Their  colors  are  bright ;  they  have  but  little  taste  or  odor. 

Heat  decomposes  most  of  them*     A  few  are  yolatile  (e.^.,  xm 
aHzariiie), 

light  bleaches  most  of  them,  especially  if  the  coloring  matter  be 
moieteEed  with  water. 

They  are  mostly  soluble  in  water,  but  are  insoluble  ia  alcohol 
ether. 

Strong  acids -generally  decompoae  them,  sulphuric  acid  charrin^ 
and  nitric  acid  oxidizing  them.      Weak  acids  change  the  blues  to 
reds.     Cyanine,  for  example,  is  the  blue  coloring  matter  of  certain 
flowers,  and  the  flower  is  blue  if  its  juice  be  neutralj  but  red  if  it  be  acid. 

They  are  aE  bleached  by  chlorine,  by  sulphurous  acid,  by  re* 
ducing  agents,  and  generally  also  by  the  action  of  nascent  oxygen. 

Alkalies  change  the  reds  to  greens  or  blues,  and  the  yellows 
browns. 

The  metallic  oxides  combine  with  many  of  them  to  form  permaneat 
compounds  (as,  e.g.^  the  lakes).  Thus  alumina,  ferric  oxide,  and 
stannic  oxide  are  used  as  mordants.  Charcoal  generally  both  absorbs 
and  destroys  the  colors. 


be 
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I,  The  Yellows, 


1 .  Annatto  (seeds  of  Bixa  Orellana). — The  coloring  matter  **  hixin©  " 
is  Boluhle  in  alkalies, 

2.  €hrt/mmmic  Acid, — Prepared  by  the  action  of  nitric  acid  OB, 
aloes. 

3.  Giimboge  (llebradendron  Gambogioides). — A  gum  resin,  the 
coloring  matter  being  soluble  in  water. 

4.  Sarniaioxylin.     (Logwood  ;  llromatoxylon   Campechiannm).— ^ 
forms  the  red  hmnaiein  {C^^Ui^O^)  in  contact  with  oxygen  and  alka 
and  a  black  by  the  action  of  potaesic  chromate» 

5.  Luieoline  or  Weld  (Eesseda  Luteola), — Soluble  in  water. 

6.  liorindin  (Morinda  Citrifolia)  (Soranjee). 

7.  Monlannic  Avid  (Morus  Tinctoria  or  Fustic). — Soluble  in  wafa*! 

8.  Oxypicric  A  eid. — Prepared  by  the  action  of  nitric  acid  on  assafostid*.! 

9.  Fhi/lloxanthin, — PhylloxantLin  is  precipitated  by  boiling  chloP^I 
phyll  in  an  alcoholic  solution  of  potash,  and  adding  hydrochloii^l 
acid  to  the  aolution, 

10.  Fir  tic  Acid  is  a  derivative  of  phonol,  and  also  a  product  wj 
the  action  of  nitric  acid  on  mdi^. 

11.  Purree  or  Indian  Yelloio  ioT\\^Ti't\^fe^  v^\s\\^>axL^ <if  msgnfi*^  I 
and  purreic  or  euxaul'bic  ad^. 
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12.  Quercitrin  (Querous  Tinctoria). 

13.  JRubian  (5<^  Madder). 

14.  Saffron  (Yellow  Anthers  of  Crocus  Sativua). — ^Aglucoside. 

15.  Thrmeric  (Curcuma  Longa). — The  coloring  matter  cvrcumine  is 
soluble  in  alcohol,  but  insoluble  in  water. 

16.  Xanthin  and  Xantheine. — ^The  yellow  coloring  matter  of  flowers 
and  of  yellow  leaves. 

n.  The  Bedff. 

1.  AttMartn  (See  Madder). 

2.  Brazilme. — Cj^HgoOy,  obtained  from  Brazil  wood. 

3.  Carmine;  Cochineal;  (from  insects  of  coccus  tribe). — Cochineal 
is  extracted  by  water  and  alcohol.  The  coloring  body  is  carminie  acid 
(Ci4H,408),  which  combines  with  alumina  to  form  lakes. 

4.  Dracanine  (Dracoena  Draco). 

5.  Hametein  (See  Hematoxylin). 

6.  Madder  Red  (Bubia  Tinctorum). — By  the  fermentation  of  the 
yellow  coloring  matter  rubian  (Q^l^Ou),  whereby  alizarin  is  formed 
(Ci^HaO^). 

7.  Orceine  (CjHgO,). 

8.  Sajjtower  (petals  of  Carthamus  Tinctorius). — The  coloring  matter 
carihamine  (C14H16O7)  is  soluble  in  alkalies  and  is  reprecipitated  by 
adds. 

9.  SontahMi  (Pterocarpue  Santalinus). 


III.  Tlie  Blues; 

1.  Cyanine, — This  constitutes  the  blue  colouring  matter  of  flowers 
and  also  the  colouring  matter  of  grapes. 

2.  Indigo  (yarious  species  of  indigofera)  (aS^^^  General  Preparation, 
page  677). — By  the  action  of  deoxidizing  agents  and  an  alkali,  indigo 
becomes  soluble  and  colorless  (indigo  white),  changing  to  blue  on 
exposure  to  air.     Traces  of  indigo  have  been  found  in  the  urine. 

Blue  indigo Ci^HioNgOj. 

White  indigo dallnNjOg. 

By  oxidaticm,  indigo  forms  isatin  (C,gfl,oNg04),  firom  which;,  by  the 
action  of  chlorine,  cldorieatin  is  derived  (Ci^HaCl^NjO^). 

3.  Litmu8f  Archil  and  Cudbear  (from  various  lichens,  as  Roccella 
Tinctoria  (litmus),  Lecanora  Tartarea  (cudbear)).  These  colors  are 
developed  by  fermentation,  whereby  orceine  (C7II7NO3)  is  formed. 
(See  General  Preparation.) 

4.  Phyllocyanine. — From  chlorophyll.  This  coloring  matter  TemA.ii\& 
in  solution  after  the  phylloxanthin  has  been  predpitaleiiL. 
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IV.  The  Greens. 


1.  Chhrophyll. — ^A  reainoid  body  present  in  planta.  It  is  soluble 
in  ether,  and  consists  of  phylloxanthin  (a  yellow)  and  phyllooyanine 
(a  blue). 

V.  Brown. 

Sepia,  from  the  cuttle  fish. 

VI.  Blax^k. 

See  HfiBinatox3rlin. 
Pigmentum  Nigrum. 
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SUPPLEMENTARY    CHAPTER, 


DYEING  AND  CALICO-PRINTING. 


^eing^ — ^To    obtain  uniformity  of   color   it    is   neceaaary    that 

iloring  matter  should  be  applied  to  the  fabric  in  solution ;  but 
essential,  in  order  that  the  color  should  not  be  discharged 
I  fabric  is  washed,  that  it  should  be  rendered  ineoluble  In 
ibre. 
etimes  the  fibre  itself  forms  an  insoluble  compound  with  the 
g  matter.     Thus,  animal  fabrics  (auch  as  silk  and  wool)  com- 

with  coloring  matters ;  but  if  this  does  not  happen,  as  in  the 
of  cotton,  other  systems  have  to  he  adopted,  such  as  the  folio w- 
^o.)  The  fibre  is  sometimes  impregnated  with  a  material  called 
rdant^  such  mordant  being  capable  of  forming  an  insoluble  com- 
d  with  the  coloring  matter  (<?.^.,  alumina  and  cochineal).  (/I)  In 
ase  of  a  color  formed  by  the  admixture  of  solutions,  the  fabric 
mi  saturated  with  one  solution  and  then  dipped  into  the  second^ 
at  the  insoluble  coloring  matter  may  be  formed  in  the  fabric 
[  (Thus,  a  blue  dye  is  formed  from  ferric  chloride  and  potassio 
oyanide.) 

(6  red  djfci  used  are  madder  and  brazil  wood,  alum  and  bitartrate 
itash  being  the  mordants  employed.  Lao  or  cochineal  are  used 
yeing  wool,  stannic  chloride  and  bitartrato  of  potash  being  used 
Drdants.  The  aniline  colors  are  also  employed,  albumen  being 
ired  as  a  mordant  in  dyeing  cotton,  no  mordant  being  necessary 
^ol  or  silk* 

ie  blues  used  in  dyeing  are  usually  indigo,  the  aniline  blues,  or 
dan  blue,  the  latter  being  formed  by  the  admixture  of  solutions 
flic  chloride  and  potassio  ferrocyamde. 
e  ytliows  employed  are  weld,  quercitron,  fustic,  annatto  (alumi- 

mordantfl  being  used  for  each  of  these  dyes),  lead  chromate 
led  by  the  admixture  of  acetate  of  lead  and  potassio  chromate), 
iarbazotio  acid. 

Ofimi  and  blacks  are  formed  by  a  mixture  of  tannin  and  a  salt 
^n,  different  shades  depending  on  the  relative  proportions  of 

on  the  admixture  of  indigo,  etc* 

Itco  printing. — This  consists  in  the  production  of  a  pattern  on  the 
U    This   is   effected  in   difierent   ways.     (I,)  B^  \>Tm\m%  ^>ii^ 

m  on  the  fabric  vrith  the  mordant  mixed  w\l\i  ^viia.    ^^^  ^^ 

Mf  witter  containing  cow-dung  (dunging)  any  exeei^a  oi  isxox- 
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dant  is  remoTed.  The  fabric  is  then  dipped  in  the  dye-bath,  and  any 
color  except  that  on  the  mordanted  pattern  can  be  washed  out  with 
water.  (2.)  Someihnes  a  resist  is  used,  that  is,  a  substance,  like  citric 
or  tartaric  acid,  which  preyents  the  fabric  taking  the  color  on  those 
parts  to  which  the  resist  has  been  applied.  (3.)  Sometimes  a  discharge 
is  used.  The  color  from  a  uniformly  printed  fabric  dyed  with  indigo, 
madder,  etc.,  may  be  remoyed  whereyer  desired  by  the  application 
of  an  acid  mixed  with  gum,  and  afterwards  passing  the  fabric 
through  a  solution  of  chloride  of  lime.  By  this  means  the  color 
will  be  discharged  whereyer  the  acid  has  been  placed.  BifiPerent 
colors  may  also  be  produced  at  the  sanve  time,,  by  combining  the 
add  with  different  reagents. 


\ 
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CHAPTER  XXX. 

VEGETABLE  CHEMISTRY. 

'  Tegetable — CelluUn — Vegetable  Parchment — Gim  Cotton— Woody  and 
Corky  Tissue — The  Li/e  of  a  PUnt. 

The  organised  structures  of  plants  are  made  up  of  three  kinds  of 
aaterial : — 

( 1 »)  CtlluUn  {lignin)  (CeHittOj)^,  which  is  the  growing  part  of  the 
plant,  euch  as  the  cambium  layer,  etc, 
(2,)    Woody  matter  (sdirogfn)^  such  as  the  duramen  or  alburnum. 
(3.)  Corky  matter ,  or  the  outer  layer  of  the  plant. 
In  the  first  of  these  three  bodies,  the  hydrogen  and  oxygen  are  pre- 
sent in  the  proportion  to  form  water,  but  in  woody  tissue  and  in 
oorky  matter  the  proportions  are  different* 

L  Cellulin  (%«'»/  cdlulose)  (CgHiyOA)^.  This  constitutes  the 
growing  and  the  active  part  of  the  plant.  It  forma  tho  basis  of  cells 
and  tho  true  cell-wall.  In  its  purest  form  it  is  met  with  in  the  extre- 
mities of  the  roots  and  buds,  in  the  pith  or  medulla,  in  the  medullary 
rays,  in  the  cambium  or  under  layer  of  the  bark,  and  in  certain  hairs 
or  filaments  about  the  seeds,  such  as  cotton.  Fungi  and  the  substance 
led  vegetable  ivory  are  said  to  consist  of  nearly  pure  oelluiin* 
Preparation. — The  adhesion  of  encrusting  woody  tissue  to  the  celliilin 
is  so  great,  that  it  is  scarcely  possible  to  prepare  it  in  a  state  of  absolute 
ity.  By  the  consecutive  action  upon  it  of  various  solvents,  such  as 
ftter,  alcohol,  ether,  dilute  alkalies,  and  dilute  acids,  its  compt^raiipe 
purity  may  be  effected. 
Properties, — (a.)  Physical.  A  tasteless,  colorless,  and  perfectly  innu- 
itious substance ;  specific  gravity,  \'9,  Its  appearance  varies.  It  is 
ongif  in  the  shoots  of  germinating  seeds ;  porous  and  elastic  in  the  pith 
'  the  rush  and  elder  ;  flexible  and  tenacious  in  the  fibres  of  the  hemp 
And  fiax ;  compact  in  the  branches  of  growing  trees ;  hard  and  derise  in 
de  shells  of  the  filbert,  etc.  Cellulin  possesses  the  power  of  depo- 
rijdng  a  ray  of  polarized  light. 

(/3.)  ChemicaL     Cellulin  is  insoluble  either  in  hot  or  cold  water,  in 
Jcohol,  in  ether,  or  in  oils.     It  is  soluble  in  an  ammoniacal  solution 
'  cupric  oxide,  from  which  it  may  be  precipitated  by  acids.     It  is  not 
.  on  by  iodine.     It  is  capable  of  fermentation,  as  shown  in  the 
pening  of  fruits. 

Conttntroted  alkahii$  Motutions  dissolve  it  B\ig\xl\y^  coTi'^^tM\i%  \V  ^s^k^ 
iio  BtarcJi,  und  £naUy  into  gum  ;— honce  fabrics  ax^  \Tk^\3kX^^V5^^v\i% 
f  m  soda.    Heated  with  alkalies  it  furms  oxjaXi^i  a^fcV^. 
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Action  of  Ackh, — BilEte  mliieral  and  organic  adds  have  ri 
little  action  upon  it*  Hydrocliloric  acid  dissolres  it  when  heal 
with  it,  the  cellalin  being  precipitated  on  the  addition  of  water. 
Sulphuric  acid  dissolves  it,  converting  it  first  into  dextrin,  and  finally, 
when  boiled  in  a  quantity  of  water,  into  glucose.  Nitric  acid  (specific 
gravity,  1*2)  has  no  action  upon  it  unless  heated,  when  it  fonns 
oxaHo  acid. 

Vogetable    Parchment* — Preparation.     By   immersing    blottini 
paper  in  a  mixture  of  2  parts  of  oil  of  vitriol  and  1  part  of  water;' 
with  subsequent  washing. 

Properties. — Tough,  waterproof,  and  transparent.  It  neither  gains 
in  weight  nor  alters  in  composition  by  the  action  of  the  acid,  the 
change  being  purely  molecular, 

GuB-CottoE  {Pyroxylin;  cellulo-nitrin). — Preparation.  By  soaking 
cotton  wool  in  a  mixture  of  fuming  nitric  acid  (1-5  specific  gravitjj 
and  sulphuric  acid. 

Csn.^O,     -h     3nN0,     ^     CrtHT(NO,)A<     +     3H,0. 
Cellulie       +    Nitric  Jitid     ==       TriDitro  celluLiQ        -|-      Water. 

Con  ft  tit  lit  ion, — Cellulin  haa  been  regarded  as  a  trihydric  alcohol, 
CfiHjOsf^OH)^,  and  pyroxylin  as  a  nitric  ether,  CgnjOg(NO,)j ;  the 


^ 

iT^ 


i 


relationahip  existing  between  glycerin,  C3H5(OH)3  and  nitro-glycerin 
C3H5(N05)n,  or  between  ethylic  alcohol,  C^II^COII)  and  ethylic 
nitrate  CcHaCNO^)  being  of  a  similar  nature.  Its  more  rational 
formula,  however,  seems  to  be  Cj.II^(N0^)j05,  i.  e.,  regarding  it  as  a 
substitution  product  of  cellulin,  CgHioO^,  where  H^  has  been  replaced 
by  (NO,),. 

Properties. — (a.)  Pht/sicnL  The  form  and  appearance  of  the  cel- 
lulin remains  unaltered  by  the  action  of  the  acid,  nevertheless,  it  will 
be  found  to  have  increased  82  per  cent,  in  weight,  and  to  have  lo«t 
its  power  of  depolarizing  a  ray  of  light.  It  will  be  found,  moreover, 
to  have  become  hygroscopic  and  highly  electrical  when  rubbed  or 
pulled  out  briskly.  It  is  insoluble  in  alcohol,  water,  ether  and  in  dilute 
acids,  but  is  soluble  in  acetic  ether,  in  m ethylic  acetate,  and  in  a 
mixture  of  ether,  ammonia,  and  potash. 

(/3.)  Chemical.  Its  composition  varies  according  to  the  strength  of  J 
the  acid  used. 

Thus,  by  using  a  less  concentrated  acid,  less  highly  nitrated  com- 
pounds may  be  produced,  such  as  C^Hg(N0g)05  and  CgHB(NOg)£0i, 
the  latter  constituting  the  dinitro-cellulin  used  for  collodion. 

It  inflames  at  or  about  400°  F.  (204-5^  C). 

By  the  action  of  reducing  agents,  such  as  nascent  hydrogen^  pin^ 
cotton  may  bo  reconverted  into  cellulin.  I 

The  products  of  its  combustion  are  CO,  CO^,  N,  IINO3,  and  CN. 

CoUodion  is  a  solution  of  dinitrD-uellulin  in  a  mixture  of  aloohoUnd  | 
ether. 

Uses  of  Ccilutin* — In  nature  \\a  u%fe  \s  ^^^t^njv^'^  ^ital^  perfonni^i^ 
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the  fuQctiana  of  the  plant,  and  elaborating  the  various  products  from 
the  juice. 

In  the  arU  it  is  uaed  in  the  manufacture  of  paper,  cotton  fabrics^ 
gun-cotton»  collodion,  et<i 

II*  Woody  Matter  (tnct noting  matter;  Sclerogen)*  This  is  the 
deposit  found  either  within  the  cell,  or  encrusting  the  call  wall.  It  is 
difficult  to  obtain  it  pure  on  aooount  of  the  rapidity  with  which  it 
comes  oxidized.  It  is  insoluble  in  water,  alcohol,  and  ether. 
Tnlike  cellulin,  it  is  soluble  in  alkalies.  Exposed  to  the  air,  and 
more  especially  under  the  influence  of  parasitic  plants,  it  becomes 
i^pulverulent,  constituting  **  drg  roV^  Sulphuric  acid  does  not,  as  in 
^Klie  case  of  cellulin,  convert  it  into  sugar  ;  nitric  acid  tinges  it  yellow, 
^Bfurming  with  it  gelatinous  compuunds ;  hydrochloric  acid  renders  it 
^Krown  and  black.  Iodine  and  sulphuric  acid  change  it  blue*  The 
^■products  of  its  destructive  distillation  have  been  already  described 
Kpage  501). 

B      U^aa. — In  nature  it  gives  support  to  the  plant.     In  the  arts  its  uaea 
lu-e  numberless. 

Ill,  Corky  Matter  is  also  an  incrusting  matter,  and  is  always 
ITottnd  outside  the  cell  wall.  The  entire  plant — leaf,  fruit»  flower, 
,  indeed  every  cell,  is  covered  with  it, 
tipertitJi, — It  is  lighter  than  and  impermeable  to  water,  and  is 
insoluble  in  water,  alcohol  and  ether.  It  is  eohible  in  alkalies.  It  is 
insoluble  iu  strong  sulphuric  acid  except  by  heat,  or  after  a  long  period 

I  of  action,  but  it  is  soluble  in  nitric  acid  (specific  gravity,  lv2),  which 
phanges  it  to  suberic  acid.  It  is  dissolved  by  chlorine.  It  is  turned 
prown  (not  blue)  by  iodine  and  sulphuric  acid.  It  will  not  take  a 
(dye.     These  reactions  show — 

1.  Why  potatoes  and  fruits  do  not  dry,  t'i«.,  owing  to  the  imper- 

Keability  of  the  corky  matter  to  water. 
%  Why  cotton  must  be  first  bleached  with  cMorine  before  being 
wA^  vt£,^  to  remove  the  corky  matter  present  on  the  cells. 
pTsi'jf  in  nature, — To  bind  the  cells  together,  and  also  to  prevent 
the  moisture  in  the  cells  from  evaporating. 


W 


The  Life  of  a  Plant. 


The  seed  is  placed  in  the  ground. 

The  soil  is  formed  by  the  combined  action  of  air,  and  of  rain  con* 
taining  carbonic  acid  in  solution,  upon,  say,  a  granite  rock.  The  water 
in  the  rock  expanding  in  the  act  of  freezing,  assists  in  breaking  down 
[the  rock  upon  which  the  rain  and  the  air  have  previously  acted.  Thus 
■  the  soil  derives  its  mineral  ingredients.  Spores  of  the  lower  orders  of 
■plants,  such  as  the  lichens,  find  in  this  soil  a  resting-^l«Wi^>  ^^i^,\v«^, 
land  die  ;  their  remains  supply  the  soil  with  t\vG  orgccaic  -yotXAOTi 'USRwa- 
ts&rjr  for  tho  growth  of  plants  of  a  higher  order. 
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The  seed  is  placed  in  this  soil.  Under  the  influence  of  warmth  and  1 
moieture  the  insoiuhie  starch  of  the  seed,  bj  the  action  upon  it  of  a 
nitrogenized  ferment  (diastase),  is  converted  into  soluble  an  gar,  capaliki 
of  serving  as  the  first  food  of  the  plant,  until  it  is  able  to  shift  fan 
itself.  The  germ  shoots,  that  is,  it  sends  forth  leaves  and  rootiiJ 
These  are  its  two  means  of  obtaining  food,  the  former  acting  as  langH 
and  the  latter  as  mouths.  I 

The  food  of  the  plant  Is  entirely  inorganic.     One  thing,  however,  im 
essential,  viz.,  that  the  food  supplied  to  the  plant  should  be  solublflil 
The  chemical  action  of  the  plant  is  an  action  of  reduction  or  deoxida- 
tion.  J 

The  leaves  inhale  ammonia  and  water  vapor,  and  also  more  particu^ 
larly  carbonic  anhydride.     Under  the  action  of  light  they  fix  the 
carbon  of  the  carbonic  anhydride,  and  exhale  pure  oxygen. 

77ie  roots  also  take  up — carbon  as  CO^,  derived  from  decaying 
organic  matter,  n  it  r  off  en  from  the  ammonia  carried  down  by  the  ruin 
or  the  product  of  putrefaction,  or  derived  from  the  nitrates  ami 
nitrites  the  results  of  nitrification,  together  with  sulphur^  phoftphoru$^ 
and  chlorine  derived  from  the  sulphates,  phosphates,  and  chlorides  oU 
the  Boil.  I 

Thus  the  plant  grows.  The  tips  of  the  buds  and  the  extremities  ofl 
the  rootlets  are  the  active  points  of  growth.  Here  no  starch  ia  te  Iw 
found,  for  all  the  starch  in  these  parts  is  converted  into  sugar  to  aifl 
the  growth.  I 

The  cijdminating  point  in  the  life  of  the  plant  is  the  formation  of  in 

fruit.     The  unripe  fruit  contains  an  insoluble  body  called  peotose,  to 

which  the  hardness  of  unripe  fruits  is  due,  together  with  cellulin  and  J 

an  acid,  such  as  citric,  tartaric,  malic,  etc.,  to  which  their  sour,  rouglw 

and  astringent  taste  is  to  be  attributed.     By  the  action  of  warmtiJ 

the  acid  and  a  peculiar  ferment  present  in  the  fruit  (peciase)  react  «■ 

the  insoluble  pectose^  and  change  it  into  the  soluble  pectin  of  ripe  firuitJ 

which,  as  ripening  proceeds,   becomes  transformed  into    pectic  aafl 

pectosic  acids.    These  impart  to  the  juice  its  power  of  gelatinizinj 

(that  is,  forming  a  jelly)  when  boiled.    Further,  the  fruit  as  it  ripeiH 

absorbs  oxygon,  and  evolves  carbonic  acid.     Thus  the  tartaric  or  Otiufl 

acids  by  oxidation  are  converted  into  fruit  sugar.   Thus —  ■ 

SC.HA     +     O3     =     CoH,>06     +     3HoO     +     6C0,.       I 

Tm-taric         4-  Ojtygen  ^=     Fniit  augar     +      Water      -f     Carbonic       ■ 

acid  anhydride.      ■ 

whilst  a  similar  change  results  in  the  ease  of  the  cellulin  and  of  iH 

8 1 arch  by  the  assimilation  of  water.  I 

Thus  the  ripe  fruit  becomes  aweet  and  loses  its  sour  taste,  I 

The  ripening  action  being  complete,  oxidation  still  continues,  hatfl 

now  induces  the  changes  of  decay  and  putrefaction.  I 

Finally,  the  plant  dies  and  decays.     Its  carbon  is  dissipated  asCOj 

its  hydrogen  aft  ^,^0,  via  mVt^^'e^tv  ^  NR^     Thus  the  dead  plad 
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becomes  the  gaseous  food  for  other  and  liying  plants,  to  be  absorbed 
by  their  leayes.  Its  mineral  constituents  are  washed  into  the  soil, 
whilst  its  woody  tissue  rots  and  forms  humus,  which  also  serves  as  a 
source  of  food  for  yegetation. 

The  soil  needs  constant  renewal  in  order  to  restore  its  exhausted 
fertility.  This  is  effected  by  manuring  ;  phosphorus,  sulphur,  nitrogen 
and  silica,  together  with  lime,  magnesia,  and  the  alkalies,  are  supplied 
by  gypsum  (which,  as  well  as  supplying  lime  and  sulphur,  serves  to 
retain  the  carbonate  of  ammonia  by  converting  it  into  sulphate),  by 
bone-ash,  by  superphosphate,  by  sodic  chloride  (which  may  be  con- 
verted into  carbonate,  silicate,  or  other  salts  of  soda),  by  sodic  nitrate, 
by  the  alkaline  silicates  (soluble  silicates  being  needed  more  especi- 
ally by  the  cereals),  and  by  ammonic  sulphate. 

Further,  dead  plants,  the  ashes  of  plants,  urine,  solid  animal 
excrement,  guano  {i.e.,  the  dung  of  carnivorous  sea  birds,  which 
contains  a  large  quantity  of  urate  of  ammonia),  and  soot  which  con- 
tains ammonia,  are  all  employed  as  sources  of  food  for  the  vegetable. 

Sometimes  the  ground  is  allowed  to  lie  fallow,  chemical  changes 
occurring  by  the  action  of  air  and  moisture,  whereby  it  becomes  en- 
riched. 

The  use  of  lime  depends  on  its  power  of  promoting  the  decay  of 
org^anic,  and  the  decomposition  of  mineral  matters,  whereby  they  are 
converted  into  soluble  forms. 

Lastly,  it  must  be  remembered  that  different  plants,  like  different 
animalB,  need  different  foods.  Hence  the  principle  of  ''  the  rotation 
of  crops." 
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CHAPTER  XXXI, 


ANIMAL  CHEMI8TEY. 


ALiirMr?«oiDs  :     L  Animal  SoH<l»  —  II,  Nutrient  Flmds  —  IIL  Digestion,  audi 
Fluids  concerned  in  it— IV,  Exorementitioua  Products* 


ALBtTMINOIDS  OE  PROTEIDS. 


These  bodies  form  the  chief  part  of  the  solid  conatituents  of  anii 
organs.     They  are  alao  found  in  small  quantities  ia  vegetables. 

The  formula  GioHu^NjqOosS  represents  their  composition  appro: 
mately*     They  are  all  amorphous,  and  turn  the  plane  of  polariza' 
to  the  left.   Tbey  are  insoluble  in  alcohol  and  in  ether,  but  are  Bolnl 
in  water,  in  acetic  and  the  mineral  acidsj  and  in  the  alkalies, 
may  be  known  by  forming  a  yellow  solution  with  nitric  acid  (xaal 
proteie  acid)  which  becomes  orange-red  when  treated  with  ammoi 
The  caustit?   alkalies  decompose  them.     They  are  precipitated 
their   solutions   by  acetic   acid  and    hy   mercuric    nitrate   ( 
ireagont).  leaving,  in  the  latter  case,  a  red  supernatant  solution 

According  to  noppe-Seyler,  the  albuminoiils  may  be  arranged  U 
follows:— 

_  Class  I.   Albumens. 

(Soluble  in  water.) 


N&me. 


Ser»albumetL . . 


Vegot-albumen' 


Sonrce. 


Blood  eerum 


Egg 


ProjM^rtiefl. 


A  yello^r  elastic  tmnspftrent  body.  Its  aqudous  solution  k 
pitated  by  alcohol.  It  w  not  precipitated  by  a  rmAll  qv 
very  dilute  acid,  but  is  preeipitated  by  the  additioii  of 
kr^e  (jiidntity*  The  precipitate  is  soluble  in  exr««i  cl 
BCl,  and  in  Btrong  IIKOj.  When  injected  into  the 
not,  like  ov* Albumen,  pasa  into  the  urine. 

Coagulated    by  ether  and  turpentine.     It   is    insoluble 
HNOj.     When  injected  into  the  veinSi  it  ptyisiw  into 
tinchonged. 

Like  a¥*albiinien. 


fcLBITVnrOIDfl  OB  FBOTBIBS^. 


Class  n.    Globulins, 

olable  in  water,  but  soluble  in  dilute  acids  and  alkalies,  and  also 
in  dilute  solutions  of  NaCl  or  other  neutral  salU.) 


Scmrce. 


i 


Muscle 

[Pripared  from 
3iicd  MfruMf 
hy  piusing 
CO,  through 
aditutesolu- 
tioD, 
At^titotu  hu- 
mour, 

km. 

Pericardial 

fluid. 
Hydrocele 
fluid,  etc. 

Telk  of  egg. 


Propertiei. 


CoBgnkble  by  heat  and  by  alcohol.  It  14  aolublo  in  very  dilute 
HCI,  rapidly  becoming  aeid-olbumen. 

The  glob u Jin  from  blood  serum  is  jHnnno-plaMtie^  i.  e.^  it  can  form 
fibrm  in  contact  with  certain  fluids  (paraglobulin).  In  thii 
Teapect  it  diHers  from  the  globulin  of  the  crystalline  lena  (glo- 
biiiin) . 

Precipitated  by  CO,  or  by  very  dilute  wida  from  its  Bolution  in 
KaCl.  Sol II bio  in  water  saturated  witli  oxygen,  and  in  very 
dilute  alkaline  solutiona  ;  but  if  the  solution  contains  1  per  cent,  of 
alkali  it  dissolves  as  an  albiuninnt«»,  and  not  in  a  froo  state.  It  is 
converted  into  acid-albumen  by  dilute  acidi.  It  coagulates  at 
158'  F.  (70*  CO- 

Produces  fibrin  wben  mixed  with  flbrino-plasttc  globulin  {Jfhrinc* 
i^enom).  It  in  more  diiflQcult  to  precipitate  by  CO^  and  lets 
difficult  to  precipitate  by  a  mixture  of  aJcohol  and  ether,  than 
globulin. 

Vitellin  i»  the  rewdue  left  after  treating  the  yelk  with  ether.  It  is 
a  whit*  grjiutikr  body,  inBoluble  in  water,  and  soluble  in  solutions 
of  neutral  salts.  It  b  neither  fibrino-plastic  nor  fi  brinogenous. 
It  is  converted  into  aeid  albumen  by  dilute  acids,  and  ia  eoluble  in 
dilute  alkaliE  as  an  albuminate. 


Class  m.    Derived  Albumens, 
olnble  in  water  and  in  dilute  KaCl  solutions ;  soluble  in  dilute 
acids  and  alkalies.) 


If  the  albumens  of  Class  I.  be  acted  on  with  a  small  quantity  of 
dilute  acid  (HCl  or  acetic) ^  the  coagulation  of  the  albumen  does 
not  occur  at  70°  C,  and  its  kvo-Totstory  action  on  a  polarized 
ray  is  largely  increased  fscid  albumen).  On  neutralizing  the  acid 
solution,  a  white  precipitate  of  albumen  ia  thrown  down,  which 
will  now  be  found  to  bo  insoluble  in  water  nnd  in  a  KaCl  solution, 
but  soluble  in  an  excess  of  alkali  or  of  alkaline  carbonates.  Coagu* 
ktes  at  70"  <^^  The  albumens  of  Class  II.  are  soluble  in  dilute 
acids  as  oeid-albumen.  The  solution  yields  a  precipitate  when 
neutraliz&d,  which  is  not  soluble  in  neutral  saline  i^olutions. 

Alkalies^  like  acids,  prevent  the  coagulation  of  albumen  (albu- 
minutea),  the  albumtrn  being  precipitated  on  neutralising  the 
solution. 

Casein  is  closely  allied  to  the  artificial  albuminates. 


Class  IV*    Fibrin. 

Q&olable  in  water,   and   but   eligbtlj    soluble    in   neutral   saline 
solutions  or  in  dilute  acids  and  alkalies.) 


Blood;  lymph; 
chyle. 


Be;lieved  to  he  formed  hy  the  contact  of  fihrino-plastic  and  fibrogen 
substances  (#«  Blood,  page  C99).     Fibnn  is  very  elastic  and  j    . 
sesses  a  Blamcntoua  structure.     It  is  insoluble  in  water^ «jl^s«^ 
at  very  bigh  temperatures^  or  aft<;r  sl  very  \^&^^%^^il^Tvcy\  ^^wvi. 
Bweih  up  when  nited  on  with  dWuto  ikt\(\%  mv^  b^SmW*,  «si^  -afessL 
their  prolonged  action,  aided  by  beat^  ^lmo\v«»  i^\^xM< 
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dsM  V«    Coagulated  Proteid* 

(iDBoliible  either  in  diliite  or  Btrong  acids,  e^ 
in  the  gastric  fluid  {pepsin)  which  conv* 
and  iinally  into  peptone.) 


Thw  body  *   7    -^     *  *^r  the  A«don  of  heat  or  oit 
ftoluti  '  fitjiiii,  m  josia,  etc 

ether  u - :  _  nen  into  a  eoagidrtt^l  r.. 

converts  the  aJbuminale*  into  a  eo&^i 
[dtate  i&HY  bu  reconverted  into  tha  albuuj 


Class  VL    Peptones. 

(Bodies  formed  by  the  action  of  the  gastric  juice  on  albuB 
eoliible  in  water,  insoluble  iu  alcohol  and  ether.) 


Feptcmes. 


8ioiiiiLcli  and 

amali    iates- 

tinea  only. 


These  bodies  are  highly  diffiiaible. 
Acida  or  aJkflJies, 


Thej  «e  i 


REAOnoNS   OF  THE   PROTBIDS. 

The  following  Table  taken  from  Fownea'  (Watt's; 
reactions  of  the  several  proteids  before  named  : — 

8oliible  in  water : 

Aqueous  solutions  not  coagulated  by  boiling,     Pkpto 
AtLUeous  solutions  coagulated  by  boiling         .     Almx 
Insoluble  in  water : 

Soluble  in  a  1  p*  a  solution  of  eodic  chloride,     Qix>bJ 
Insoluble :  ,,  ., 

Soluble  in  hydrochloric  acid  (0*1  p.  c)  IB 
the  cold: 
Soluble  in  hot  spirit        .         ,         ,         ,     Ai^kau:-, 
In«oluble  in  hot  spirit    ....     Acu^xiM 
Insoluble  iu  hydrochloric  acid  (01  p.  c.)  m 
the  cold : 
Soluble  in  hydrochloric   acid  (0*1  p,  c.) 

at  60^  C.         .         ,         .         .         .     Fiunix* 
Insoluble  in  hydrochloric  acid  (0*1  p.  c.) 
at  60°  C;  insoluble  in  strong  acids: 
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A.— ANIMAL  SOLIDS. 

Bones,  Tketh,  Shells,  Etc.   Flesh,  Gelatin,  Chondein,  Haib,  Silk, 

Bbain  and  Nebvb  Tissue. 

Bone,  ;r6eth,  Shells. 
Table  I. 
Composition  of  the  healthy  human  bones  of  a  child  and  an  adiilt : — 


Bones  from  a  child  set.  13  moaths. 
Cause  of  death  bronchitis. 

Bones  from  a  male  »t.  40  yean. 
Cause  of  death  bronchitis. 

1 

•J 

'3 

•2 

1 

1 

eS 

i 

1 

i 

i 

n 

1 

1 

late) 

49*6 

47-6 

47-6 

60-6 

45-1 

49-2 

60-2 

67-9 

67-4 

61-8 

67-4 

68-2 

»•.) 

ite. 

60 

60 

6*9 

7-1 

60 

6-4 

8-0 

7-8 

7-6 

8-8 

7-3 

7-8 

s.) 

10 

0-8 

0-8 

10 

10 

0-8 

1-4 

1-4 

1-3 

1-4 

1*3 

1-6 

i) 

43-4 

46-7 

46-7 

41-3 

48-9 

43-6 

30-4 

32-9 

33-8 

28*0 

340 

82-4 

Table  II. 
nposition  of  the  bones  of  different  mammals,  birds,  fishes,  and  reptiles : — 


Mammals  (Femur  of). 

Birds  (Femur 
of). 

Fishes 
(Vertebr®  of.) 

«1 

II 

1^" 

i 

W8 

i 

i 

1 

1 

t 

i 

a 

'1 

0 

Ite. 

68-0  \ 

65-9 

64-1 

64-4 

68-9 

67-9 

67-5 

68-6 

69-6 

67-6 

36-6 

69-5 

e. 

2-2  ) 

5 

te. 

80 

12-2 

12-7 

12-0 

90 

IM 

4-8 

61 

8-9 

4-9 

10 

2-2 

do 
.te.  ( 

1-4 

1-0 

1-4 

1-9 

1-2 

1-1 

10 

0-8 

10 

2-3 

0-7 

10 

t 

•  • 

0-6 

0-8 

0-7 

0-9 

1-0 

0-7 

0-8 

0-9 

10 

0-8 

1-8 

1     { 

1.    1 

30-4 

/ 

80-4 

1 

81  0  , 

310 

300 

28-9 

36-0 

I  'iVl  \  ^1^-1 

\^V1 

\«i-^ 

A^' 
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Composition  of  certain  diseased  bones,  of  teetb,  and  of  varioua 
sl^ells ; —  J 


Diseased  Bone. 

Toolli. 

Enamel 

of 
Tooth. 

Crab 
Shell 

Ojfter 

1 

^ 

Eachitia- 
Tibia, 

Caries, 
Femtir. 

flricic  pbo«ph&te  . . 
Hkic  fluoride  . . . , 
Bucic  cArbonate    . . 
Mnpiesic  phosphate 

Other  salts     

Animiil  matter     ,, 

]  26-9 

4-9 

0-8 

M 

66*3 

38-4 

M 

0-9 

64-2 

64*3 

6-3 
10 
1-4 

28*0 

88-5 
2-0 

6"0 

62*8 
1-0 
1-6 

28*6 

1^2 
98*3 

0*5 

10 
970 

20 

H 

Omitting  til 6  periosteum  or  external  membrane  of  tbe  bone  and 
tbe  internal  membranes,  marrow,  etc.,  we  may  say  that  bone  con- 
sists of  a  mixture  of  an  organic  substance,  called  ossein,  with  inorgaaio 
compounds.  It  has  been  stated  that  iron  has  been  found  in  bane, 
but  if  present,  it  is  probably  due  to  the  retention  of  blood  in  the 
bone. 

We  would  note  that : — 

(L)  There  is  a  close  resemblance  in  the  chemical  composition  of  the 
bones  of  the  higher  mammalia.     (Table  II.) 

(2,)  Tbe  bones  of  the  youngs  contain  more  animal  matter,  and  le«S 
earthy  matter  than  the  bones  of  adults.  There  is,  however,  no  well- 
marked  gradation  in  the  proportions.     (Table  I.) 

(3.)  The  composition  of  hone  ia  infinenced  by  certain  diseaw*. 
(Table  III,)  The  alteration  generally  consists  in  a  diminution  of  tlifl 
earthy  constituents. 

(4.)  The  composition  of  bone  varies  slJghtly  with  the  part  from 
which  it  is  derived.  Thus  the  femur  and  humerus  i^ntain  moie 
earthy  matter  than  the  tibia  and  fibula  or  the  radius  and  ulna,  whibt 
the  scapula,  the  sternum  and  the  vertebraa  contain  leas  earthy  matter 
than  the  long  bones.     (See  Table  I.) 

(5.)  It  would  seem  that  the  bones  of  males  contain  slightly  more 
earthy  matter  than  the  bones  of  females. 

(6,)  Of  other  animal  substances  closely  allied  to  bone  we  note — 

(a.)  Teeth  (Table  III.),     The  substance  of  the  teeth  is  (exceptii 
the  enamel)  very  like  bone  in  its  composition.     The  enamel  (i.e. 
covering  of  the  tooth  external  to  the  gum),  is  remarkable  for 
taining  very  little  organic  matter  and  a  large  excess  of  inoi 
oonetituents, 

(/3. )  The  Sbelk  of  the  cruetacea^,  aud  of  the  mollnsca,  and  sJ^ 
birds^  oggH,  contain  gener^iW^  \i\ii  \\\?\^  ^\ii^«^\iBl^  ^xid  a  considerat 
excess  of  carbonate  oi  \mo. 
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(y  )  lo  Fish  Scales  the  phosphate  of  lime  is  less,  and  the  animal 
matter  more,  than  in  bone, 

Froperiies  of  bone, 

(a.)  Action  of  heat  in  open  vtsuh.  The  organic  matter  bums  away, 
leaving  a  white  **  boue-aah**  (Ca^P^Oe)*  This  residue  is  used  in  the 
manufacture  of  phosphorus  {see  page  124),  and  also  as  a  manure,  in 
the  form  principally  of  superphosphate. 

(/3.)   Action    of  heat    in   closed   vesseU    (destructive    distillation). 

aonia  and  tarry  matters  {Bom-oit  or  DippeVa  oil)  are  given  off, 

\ie  residue  in  the  retort  constituting  "  Animal  Charcoal  **  or  **  Bom 

\laci\'*     This  oonsiats  of  a  mi^cture  of  phosphate  of  lime  and  finely 

livided  carbon.     Animal  charcoal  is  largely  used  by  the  sugar  re- 

aers.  When  its  decolorizing  power  has  been  exhausted,  it  is  burnt 
or  the  purpose  of  recovering  the  bone  ash* 

(y.)  Action  of  water.  When  bones  are  boUed  in  water  at  212°  F. 
flOO*^  C.)  all  that  occurs  is  the  separation  of  the  grease  present  in  the 

one.     This  floats  on  the  surface  of  the  water,  the  ossein  of  the 

one  being  insoluble.     If  the  bone^  however,  be  digested  In  water  at 

temperature  of  300°  F.,  as  in  a  Papiu's  digester,  the  organic  matter 
rapidly  converted  into  gelatin,  which  is  soluble  in  water.  This 
converted  ossein  is  used  for  glue. 

I,  (!,)  Action  of  acids.  When  dilute  hydrochloric  acid  is  added  to 
hone,  effervescence  first  occurs  by  its  action  on  the  lime  carbonate. 
in  time,  the  dilute  acid  dissolves  out  the  whole  of  the  earthy  phos* 
phates,  etc.,  leaving  only  the  ossein  (the  organic  constituent  of  the 
liune),  a  semi-transparent  horn-like  body,  which  by  the  action  of 
heat  under  pressure  is  converted  into  gelatin. 

(e.)  Action  of  buriaL  After  long  burial  the  organic  matter  of  bone 
disappears,  leaving  only  the  inorganic  constituents. 


Flesh. 

Composition  of  Fksh — 

Water           ...  78"0 

Fibrin  (with  nerve  tissue,  blood-vessels,  etc.),  17-0 

Albumen       ,         ...         ...  25 

Other  constituents  of  the  juice 2-5 


100-0 


Maacle  contains  about  three-fourths  its  weight  of  water,  one  part 
which  is  due  to  the  blood  present,  and  a  second  part  to  the  **juic< 
JUgh,^*  as  it  is  called,  i*.^,,  an  acid  Uc^uid  contamvn^  ^^ftito,  "w^qkA**^ 
certain   salts,    together  with  phosphoxiC)  \afi^<i,  «5i^  \sj>a^ytv^ 
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Ereatint  {G^B^f^^'c^),  when  boiled  in  an  acid,  loses  water  and  be 
comes  kreatinine  (C^H^NjO).  a  minute  trace  of  which  is  found  in  mine. 
When  boiled  with  alkalies,  kreatin  gaina  water  and  yields  urta 
(CH^NcO)  and  sarcosin  (CiET^NO^). 

Inosiie  or  muBcte  nt^ar  (CoHi.P6.2aq),  a  body  similar  in  composition, 
but  dissimilar  in  properties,  to  grape  sugar,  may  be  obtained  from 
the  concentrated  extract  of  fleeh.  It  may  also  be  obtained  from 
green  kidney -beans* 

As  8oi3a  is  the  chief  alkali  of  the  blood,  its  alkalinity  being  sup- 
posed to  be  due  to  phosphate  of  soda  (NaoHPO|),  so  potash  is  the 
chief  alkali  of  the  juice  of  flesh,  its  acidity  being  supposed  to  be  due 
to  the  acid  phospliate  of  potash  (KH0PO4), 

Gelatin  and  Chondrin  do  not  pre-exist  in  the  animal  kingdom, 
but  result  from  the  action  of  boiling  water  on  gelatinous  tissues 
(such  as  skin,  tendons  and  bones)>*  or  on  chondrin- producing  tiseaiiS 
(such  as  the  cartilages  of  the  ribs  and  joints). 

Ultimate  Composition  of  Gelatin  and  Chondrin* 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 


Gelatin, 

Chondrin 

50-0 

49-1 

6-6 

M 

16-3 

14-4 

25*1 

29-4 

100-0 


100-0 


In  addition  to  ^e  above,  eaiihy  phosphates  are  always  present. 

Gelatin  is  found  in  a  pure  state  as  isinglass  (the  dried  swimming- 
bladder  of  the  sturgeon),  and  in  a  less  pure  state  as  calf's- foot  jellj^ 
glue,  and  sijce.  It  is  soluble  in  hot  water,  but  insoluble  either  in  cold 
water,  in  alcohol,  or  in  other.  It  shrinks  greatly  in  bulk  when  ex* 
posed  to  dry  air.  Wheo  perfectly  dry,  gelatin  may  be  preeerved 
indefinitely,  but  when  moist  it  rapidly  becomes  acid,  and  putrefies, 

A  gelatin  solution  is  precipitated  as  tan  no-gelatin  by  tannic  acidf 
(the  only  acid  known  that  possesses  the  power  of  precipitating  i*)»  1 
by  alcohol,  by  mercuric  chloride,  by  mercurons  and  mercuric  nitrates,] 
and  by  chlorine  (forming  a  chlorite  of  gelatine).     It  is  neither  pre"! 
ci  pita  ted  by  alum  nor  by  basic  or  neutral  lead  acetate. 

Boiled  with  strong  alkaline  solutions,  it  is  converted  into  /fwcti'ij 
or  amido  caproic  avid  (C^Hj^NO^;,  and  glf/cocol  (glyoocine)  or 
acetic  acid  (CoH^NO^),  with  the  evolution  of  ammonia* 


•  The  gelatin  from  bone  is  called  08«ein. 

t  Leather  contiaiA  oi  a  co\EkbVi^*C\au  ^i  a.  %«kliaoui  tisauti  (as  akin]  witb  ia^^^  j 
(m  pag«  637). 
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A  one  per  cent,  solution  sets  on  cooling.    Bepeated  boiling  destroys 
tliia  property  of  gelatin* 

Chomlrtn  is  the  gelatin  obtained  by  the  action  of  boiling  water  on 
^_  the  cartilages  of  the  ribs  and  joints* 

^H     It  is  not  so  soluble  as  gelatin  in  boiling  water.     It  is  precipitated 

^B  by  adds.     In  the  ease  of  acetic  acid  the  precipitate  is  insoluble  in 

^m  an  excess  of  acid,  but  in  the  case  of  the  other  acids  the  least  excess  of 

acid  effects  the  solution  of  the  precipitate.     Its  solution  is  precipitated 

by  alum  and  by  lead  acetate.     It   forms  glucose  when  boiled  with 

hydrochloric  acid» 

Uses.^ — ^«fi  is  the  gelatinized  solution  produced  by  boiling  clippings 
of  hides,  parchment,  etc.,  in  water. 

Glue  is  manufactured  by  boiling  the  parings  of  hides,  etc.,  in  water. 
The  hides  are  first  carefully  cleansed  irom  hair  and  blood  by  lime. 
This  done,  the  lime  is  carbonated  by  free  exposure,  after  which 
the  hides  are  boiled  in  water.  The  liquid  is  then  kept  warm 
for  a  time  so  as  to  allow  the  impurities  to  subside^  The  solution  is  then 
cooled^  the  gelatinized  mass  being  cut  into  slices  and  dried  on  nets  in 
the  air.  The  temperature  at  which  the  drying  process  is  effected  is 
important,  for  a  summer  heat  would  melt  the  glue,  whilst  a  winter 
cold  would  split  it. 

Hair  contains  3  to  5  per  cent,  of  sulphur* 

1^     Silk. — This  is  said  to  consist  of  three  layers^  the  outer  one  being 

^^ftiattn,  and  soluble  in  water ;  the  cmtre  one  alhutmn^  and  soluble  in 

^^M>iling  acetic  acid  ;  the  inner  one  Bericin^  -and  insoluble  either  in  water 

or  in  acetic  acid. 

Brain  and  Nerye  Tissue*— The  watery  extract  (75  to  so  per  cent.) 

contains  kreatin^  uric  acid,  xanthin,  sarcine,  inosite  and  lactic  acid; 
the  solid  undusolmd  matter  cousistiug  of  protag^n,  cholesterin  and 
albumen.  The  ash  (3  to  4  per  cent.)  consists  mainly  of  salts  (especi- 
ally potassium  salts)  of  sulphuric  and  phosphoric  acids. 


B.-^NUTRIENT  ANIMAL  FLUIDS. 
BiiOOD,  Chyle,  Lymph,  Milk. 


H  Blood. 

^"  Composition.— This  can  be  only  stated  very  generally,  although  it 
is  to  be  remarked  that  the  composition  of  blood  is  singularly  uniform, 
considering  the  work  it  has  to  perform  in  supplying  the  materials  for 
the  replenishment  of  worn-out  tissue,  and  the  carrying  away  some  of 
the  products  arising  from  their  destruction. 
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Average  Compositian  per  1,000  parti  of  Human  Blood  (Becquerel  and 

Kodier). 


Th«  qmmtitiea  arc  stated  in  parta  per  1,000 
of  blood. 


Male. 


Female. 


Specific  Gravity  of  de£bruiated  blood  , 
Do.  of  fierum 

Water       .,         

Ti\mxk , 

/  Sftponifier!  fat 
Fatty     j  Phoapliorized  fat 

\  Serolin 
Albumen  . .  . , 
BLood  corpiuclea  . « 
Extiactive  matterB  and  ealts     . . 

iSodic  chloride  . , 
Eatlby  phoephates      , , 
Soluble  salta  otlier  than  NaCl 
Iron         ..         ..         1 


10600 
1028-0 


1*60 


779-00 

2-20 

/  1*00 

\  0-49 

j  009 

\  0  02 

69-40 

HMO 

6'BO 


LOOO^IO 


5-93 


3-10 
0-33 
260 
0-67 


1067*5 
1027-4 


1-Sl 


1,00001 


7-16 


3-90 
085 
290 


It  may  be  not&d  that  arterial  blood  contains  more  fibrin  and  lew 
fat  and  albumen  than  venous  blood. 

The  gaaea  present  in  blood  have  been  estimated  by  Magnus  and 
Meyer. 


IVee  gases  present  in  100  i^oh.  of  blood  taken  from  the  carotid  of  a  <%. 
(Corrected  to  0^  C.  and  760  mm.) 


Oxygen  (free  or  combined  with  hocmoglobin) 

Nitrogen       ♦ .         , .         

Free  carbonic  anhydride 


xp.   1. 

Exp.  2. 

12-43 

li*29 

2*83 

6*04 

6-62 

017 

20-88 


26'o0 


The  comJnned  carbonic  acid  was  found  to  be,  in  the  first  experuneotr  j 
28^61  volumes  in  100  volumes  of  blood,  and  in  the  second  experi* 
ment,  28*6H  volumes.  This  would  give  a  total  of  49*49  and  54'OS 
volumes  of  gas,  free  and  combineti,in  100  volumes  of  blood.  Helatii^^fA 
venous  blood  contains  more  carbonic  acid  and  less  oxygen  than  tf*! 
terial ;  but  ayolutely^  the  carbonic  acid,  in  both  arterial  and  venouij 
blood,  ia  always  in  exeeisB  of  the  oxygen. 

Constitution. — Fresh  bloody  ba  revealed  by  the  microscope,  ooaflt^'^l 
of  numerous  red  globulea  (blood  corpmcles)  and  a  few  colorless 
pusclee,  floating  in  a  eoVoxlGft^  Y\<^^.    Tca^  c^l^Tlaaa  liquid,  tenn*^] 
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tlio  itqyor  sanguinis,  consista  of  what  is  eajled  the  serum  of  blood, 
holding  the  hbria  in  solution.  The  oomposition  of  the  blood  cor- 
puscles and  of  the  liquor  sanguiiiis  respectively,  are  stated  in  the  fol- 
lowing table : — 

Average  Compositton  per  1000  parts  of  Blood  Corpitscles  and  of  Liqmr 
Sanguinis  (Serum  and  Fibrin  J, 


1^       Blood  CoiiMiBcIefl  [Sp.  Gr. 

108d'§]. 

Liquor  Simgiiinti  [Sp.  Gi 

.  1028]. 

HWftter 

68800 
Sl'i'OO 

Water  , .                              , 

902 '90 

^    Solid  constitTienta       . .     . . 

Solid  conetituentB      . .     . , 

97-10 

ConauUng  of^ 

Globulla  snd  cell   mem* 

bnme,  or  itrmna,,     .» 

283-22 

ConsUiittff  of—- 

1 Ha^tniitiii     ^f<*/A     »>^iy. 

Albumen , 

78^84 
4*05 
1'72 

^K          [ThiJB  body  is  a  deriva- 
^H          tiTo  of  h  iDmoglo  bin.] 

2fl0 

Fibrin      

Fttt 

Extractive  raatteni. »      . . 

Extractive  matters. ,      . . 

3-94 

^^      Minerd  matter  ("without 

Mineral  mutter       ,,     . . 

8-56 

8*12 

^^L^^      CimtittinQ  of— 

Connitirtff  of — 

^^^^^  C  biori  D  u 

1-686 

Chlorine 

3-644 

^^^^■Sulobunc  acid    . . 

0066 

Sulpbiiric  acid    . , 

0  116 

^^^HlfJio«D boric  add  .  *     . . 

M:H 

Pbospboric  acid  . , 

0-191 

^^^Vphoepbato  of  lime 

on  4 

Pliospbate  of  lime 

0-311 

^^^V                        miMCTiesia 

00  7a 

tt            magnesia 

0-222 

^V       I'otaasitim 

3328 

PotbAsium 

0-323 

^B        Bodium       *.     ..     .* 

1052 

Sodium        

3-341 

H         Oxygen       ..     .. 

0'6(i7 

Oxygen       

0-403 

I. — The  Blood  cojisidered  generally. 

Properties. — (a*)  Sensible  and  Physicai,  The  blood  is  a  viscid  red 
fluid.  As  regards  its  colort  we  have  already  noted  that  this  is  de- 
pendent on  the  presence  of  red  corpuscles,  and  not  upon  any  coloring 
matter  actually  ejtisting  in  a  state  of  solution  in  the  liquid  portion  or 
liquor  sanguinis^     The  exact  color  of  the  blood  varies  ; — 

( 1 .)  It  differs  according  to  its  source.  Thus  :  the  blood  in  the  arteries 
i%  florid  red,  that  in  the  veins  being  dull  purple.  This  difference  of 
color  was  at  one  time  supposed  to  be  physical,  and  due  to  alterations 
in  the  capacity  (dependent  on  change  of  shape)  of  the  red  corpuscles 
for  reflecting  and  transmitting  light.     It  is,   no    doubt,    true  that 

6  more  sx>lierical  the  globules,  or,  in  other  words,  the  more  swollen 

e   corpusclee   are   with  water,   the   darker    colored  is  the  blood. 

le  it  was  taught  that  carbonic  acid  effected  the  expandgn  of  the 

f»ells,  thereby  rendering  them  bi-convex,  and  the  blood  dark  colored ; 

whilst  oxygen  effected  the  contraction  of  the  cells,  thereby  rendering 

bi-concave,  and  the  blood  bright  red.    It  \»,  \io^ftXfet,  Wi^ic^S^i 

X  that  the  color  change  is  not  dimply  ph^^ie^i  \kMi  «^^ii3^K«^ 
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and  dependent  on  the  state  of  oxidation  of  the  hDemoglobin,  or  bfoo^H 
ooloring  matter.     Thus,  in  arterial  blood  the  hiBmoglobiu  is  oxidizej^ 
and  of  a  Bcarlet  color ;  whiJat  in  venous  blood  a  part  of  the  heemo- 
globin  is  deoxidized,  and  of  a  purple  color.     Possibly,  the  physical 
condition  of  the  corpusdes,  and  also  the  presence  of  carbonic  aoid, 
may  be  elements  in  the  case ;  nevertheless,  there  can  be  but  little 
doubt  that  the  change  of  color  is  primarily,  if  not  entirely,  due  t^_ 
the  oxidation  and  deoxidation  of  the  haemoglobin.  H 

(2.)  The  quantity  of  hflBmoglobin  in  the  corpuscles,  as  well  as  the 
proportion  of  corpuscles  to  serum,  influences  the  color  of  the  blood, 

(3.)  The  form  of  the  corpuscles  (see  above).  Thus  the  more  sphericiil 
the  corpuscles,  the  darker  the  blood  appears. 

(4*)  The  thickness  of  the  cell- wall  of  the  corpuscles.     Mulder  sup- 

i    posed  this  to   be   the  cause  of  tVie  different   colors   of  venous   and 

arterial  blood.     He  pointed  out  that  potassic  nitrate  and  iodide,  ani 

also  sodic  phosphate  and  carbonate,  thicken  the  external  memb 

of  the  corj>u8cle8,  and  render  the  blood  of  a  lighter  color. 

(5.)  Any  reagents,  like  the  caustic  alkalis  and  certain  organic  acii 
that  burst  the  corpuscles,  render  the  blood  browniah-red. 

The  odor  of  blood  is  more  marked  when  warm  than  when  cold.  By 
treating  the  blood  with  sulphuric  acid,  the  odor  becomes  so  apparent 
that  it  is  often  possible  to  say  the  animal  from  which  the  blood  so 
treated  was  derived,  (Barruel. )  The  odor  is  more  intense  and  well 
marked  in  the  blood  of  males  than  in  that  of  females.  It  is  supposed 
that  this  odor  is  due  to  a  volatile  fatty  acid. 

Spec  (fie  Grain  ft/.  Normal  blood  has  a  specific  gravity  varying 
from  1052*0  to  1067'0.  It  is  less  in  women,  and  especially  in  preg'- 
nant  women,  than  in  men,  and  least  of  edl  in  children.  The  specific 
gravity  of  venous  blood  is  always  somewhat  higher  than  that  of 
arterial.  The  blood  from  various  animals,  so  far  as  its  specific  gravity 
is  concerned  varies  very  little.  The  blood  of  the  bullock  (four  ex* 
perimenta)  was  found  to  have  a  mean  specific  gravity  of  1060'0,  and 
that  of  the  sheep  (seven  experiments),  10530.  [Tidy.] 

The  temperature  of  the  blood  is  usually  100^  F.  (37-8'^  Q,),  but  thi 
blood  on  the  left  side  of  the  heart  is  said  to  be  1°  to  2^  F.  ('55^ta 
ri*^  C.)  higher  than  the  blood  on  the  right  side,  whilst  the  blood  i« 
warmed  by  passing  through  the  liver,  and  cooled  by  passing  througb 
the  superficial  capillaries. 

(/3,)  ChemtcaL     The  blood  has  invariably  a  slightly  alkaline 
tion  when  first  drawn  firom  the  body,  but  it  becomes  acid   after  ft 
short  time,  owing,  it  is  supposed,  to  the  conversion  of  the  sugar  into 
lactic  acid.     Menstrual  blood  ia  said  to  be  acid,  but  this  is  probably 
due  to  its  intermixture  with  acid  uterine  or  vaginal  mueus, 

Coagfihtiov. — In  from  two  to  five  minutes  after  the  blood  is  dra^o 
from  the  body  it  cofl(jiilate«,  and  in  seven  to  fourteen  minutes  the  wbold 
mass  becomes  gelatmoua,    TlKi^  ^qbu^v^'^qu  \%  ^^  Ha  \hfl  fibm  p^ 
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tent  in  a  mhd>le  state  in  living  blood,  becoming  insoluble  in  the  dead  I 
Hood.  The  cause  of  this  change  is  not  understood.  It  has  been  I 
suggested  that  it  ia  duo  to  the  contact  of  foreign  matter  with  I 
the  blood  when  drawn  from  the  body.  (Lister.)  Others  suppose  I 
that  the  inherent  tendency  of  the  fibrin  to  coagulate^  is  prevented  I 
during  life  by  some  inhibitory  power  resident  in  the  walls  of  the  I 
containing  ves&ele.  Others  suppose  that  coagulation  of  the  fibrin  I 
does  take  place  in  the  body,  but  that  the  tissue  needing  it  absorbs  I 
the  coagulated  mass  as  soon  as  formed.  Others  believe  coagulation  I 
to  be  due  to  the  escape  of  ammonia  and  carbonic  aeid  when  the  blood  I 
is  withdrawn  from  the  body  ;  whilst  others  hold  (Schmidt  and  Bu-  I 
chanan)  that  fibrin  is  not  present  at  all  in  living  blood,  but  that  I 
coagulation  results  when  the  blood  is  drawn,  from  the  actual  forma-  I 
tion  of  fibrin  by  the  union  of  two  substances  existing  separately  in  I 
the  fluid  and  living  blood.  The  solid  mass  now  gradually  contracts,  I 
forcing  out  a  watery  fluid.  This  stage  of  contraction,  [or  the  separa*  I 
tion  of  the  clot  or  craifsamentum,  which  consists  of  fibrin  with  the  blood  I 
corpuscles  entangled  in  its  meshes  (the  blood  corpuscles  not  having  I 
had  time  to  subside  before  coagulation)  from  the  nentmf  which  is  the  I 
liquor  sanguinis  mmns  the  fibrin  and  in  which  the  clot  floats,]  is  I 
iifiUaUy  complete  in  from  twelve  to  forty  hours.  I 

If,  from  any  cause  the  fibrin  contracts  less  rapidly  than  usual  (as  | 
happens  in  infiammatory  blood),  or  the  red  corpuscles  sink  more  I 
rapidly  than  usual,  owing  either  to  a  greater  tendency  of  the  blood  J 
corpuscles  to  form  rouleaux  as  in  infiammation^  or  to  a  great  relative  ^M 
deficiency  of  red  corpuscles^  as  in  chlorosis,  a  white  layer  coMectB  ^H 
an  the  surface  of  the  clot,  consisting  either  of  fibrin  only,  or  of  a  1 
mixture  of  fibrin  and  white  corpuscles.  This  constitutes  what  is  I 
called  the  **  buHy  coat/*  or  the  **  inflammatory  crust  *'  of  blood.  Thia  J 
buffy  coat  contracts  more  rapidly  than  the  rest  of  the  clot.  Hence  ft^^H 
cupped  depression  on  the  surface  of  the  clot  becomes  apparent  aftac^H 
a  short  time.  ^H 

Coagulation  is  influenced  by  a  variety  of  circMmstanees  : —  ^^ 

(1.)  The    Onfjin   of  the   Blood, — Women's   blood  coagulates   more 
pidly  than  the  blood  of  men,  but  the  clot  is  less  firm.     Embryonic 
lood  coagulates  imperfectly.     Arterial  blood  coagulates  more  rapidly        J 
than  veno^ts.  I 

(2.)  A  warmth  of  100^'  to  120^'  F.  (37-8^  to  49*9°  0.)  promotes 
l4)oagulation.  A  higher  temperature  than  this  retards  it,  whilst  a 
temperature  of  20 0*^  F.  (93' 3°  C.)  stops  coagulation  altogether,  even 
after  the  blood  has  been  cooled.  Conversely,  a  cold  of  40°  F. 
(4-5°  C.)  entirely  stops  coagulation;  but  coagulation  will,  under 
these  circumBtances,  take  pUce  as  well  as  e?er  after  the  normal 
temperature  of  the  blood  has  been  reatored.  ^^ 

(3.)  Motion  retards  coaguJatiou,  but  rest  pTOmo\jQ&  v\k  ^^M 

{ i.)  The  mtdtipUcation  of  pointa  of  coatact  promoX^R  QOBt^g«\«bNl\^o- 
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H           Thujs  we  whip  blood  with  a  bundle  of  twigs  to  coagulate  the  fibrin. 

^K           Or,  again,  the  blood  coagulates  more  rapidly  ui  the  rough  cavities  gf^ 

^M           tiie  heart  than  in  the  smooth  veiuB  and  arteries.                                      H 

^M                (5.)  Contact  with  living  tissue  retards  coagtilationi  whilst  con tacflH 

^M           with   foreign  or  dead   tissue   favours  it.     Thus  we  pass   a   threadV 

^m           tlirough  an  aneurism  to  form  a  nucleus  for  coagulation^  and  to  assist 

H            the  cure. 

H*               (Vk)  The  addition  of  two  parts  of  water  to  one  of  blood  promotes 

H            coagulation^  but  the  admixture  of  a  greater  quantity  of  water  retards  it 

^^^^         (7.)  Free  access  of  air  promotes,  whilst  exclusion  of  air  retards 

^^^P     coagulation. 

^^^^          (8.)  Coagulation  is  either  retarded,  or  entirely  prevented,  by  the 

^^^      alkaline  hydrates,  carbonates,   and   acetates;    also   by  dilute    acids j 

^^^P     also  by  potassic  or  calcic  nitrates,  by  ammonic  chloride,,  etc.                 fl 

^^^^         (9.)  Coagulation  is  influenced  by  the   mode   of  death.     Thus  ifl^ 

^m           death  by  asphyxia,  where  the  blood  is  imperfectly  aerated,  coagtila- 

^B           tion  ifl  retarded.     According  to  Hunter,  the  same   result  occurs  in 

^B          death   from  lightning,  blows  on  the  stomach,  over-exertion,  fits  of 

^H           anger,  etc. 

^m               (10.)  The  consistency  of  the  clot  depends  chiefly  on  the  quantity  of 

^^^^      fibrin  present  in  the  blood, 

^^^ft         The   blood  consists,    as  we   have   said,  of  corpusdes  and  serum, 

^^^"      in  the  following  proportion,  according  to  Schmidt,  per  1,000  parts;—     i 

Man. 

I        Woman. 

jy<^g- 

^H            Moist  corpuscles     . . 
^H            Sorum 

613'02 
486-98 

396-24 
603-76 

643*56 
456-44 

^^^ft                                          n. — The  Blood  Corpuscles, 

^^^         The  composition  of  the  blood  corpuscles  has  been  already  stated     j 
^M           (pS'go  967).     These  corpuscles  are  of  two  kinds,  red  and  white. 
^H               1.  Th4  White  Ccrpu^cks.-^ThBBe  are  present  in  blood  in  the  pro*     i 
^H           portion,  in  health,  of  1  white  to  -iOO  or  500  red-     This  proportioa, 
^m          however^  is  greatly  inHuenoed,  (a.)  btj  food^  the  quantity  of  white  oor-      j 
^H           pn soles  being  decreased  by  fasting,  increasing  in  number  half  an  hour      ^ 
^H          after  food  has  been  taken,  the  increase  continuing,  on  an  average,  for 
^H          two  hours.     (/3.)   Their  proportion  again  is  influenced  %  diseasif  the     I 
^B          quantity  being  increased  in  pneumonia,  tuberculosis,  and  more  eape- 
^m          cially  in   leucocythemia.      (y.)  Moreover,    in   the   blood   of    certain 
^M          portions  of  the  body,  as  in  splenic  blood,  their  relative  proportion  is 
^M          greater. 

^B             The  white  corpusdeft  are  circular  and  nearly  spherical.     They  have 
^1         the  power  of   aasuToin^  ^aivo^ift  \tt^^^  l^To^a^  \as3rwTx  aa  their 

'  amcoboid  movementB."  They  are  about  ^^Vtr  of  an  incli  in  diameter. 
They  are  specifically  lighter  than  the  red  oorpusclee.  They  contain 
neither  fat  nor  hapmoglobin, 

2.  The  Med  Corpu^deti, — These   are   red,    circular,   flattened   discs, 
having   an   average  diameter  of  jtj^^  of  an  inch,  and  an  average 


thickness  of 


of  an  inch.     To  these  corpuscles  the  red  color 


jf  the  blood  m  due»  their  relative  proportion  to  the  liquor  sanguinis 
HMyiiig  greatly  under  different  circumstrtuces.  Thoy  are  relatively 
lewer  in  women's  blood  than  in  men^s,  and  fewer  in  the  blood  of  the 
old  and  young  of  all  animals  than  in  that  of  the  middle-aged.  More- 
over, their  proportions  vary  in  the  blood  of  diii'erent  animals  j  e^g.f 
there  are  relatively  a  greater  number  in  the  blood  of  birds  than  in  the 
blood  of  carnivorous   and    herbivorous  mammalia,  whilst   the   pro- 

fe^^tion  is  smallest  in  the  blood  of  cold-blooded  animals*  Lastly, 
e  proportions  vary  in  the  blood  of  different  vessels.  Thus  there 
are  fewer  in  arterial  than  in  venous  blood,  fewer  in  the  portal  vein 
than  in  the  jugular^  whilst  they  are  most  abundant  of  all  in  the 
hepatic.  The  quantity,  moreover,  in  the  blood  is  dminiAhefi  by  want 
of  food,  by  repeated  bleedings,  and  in  certain  diseases,  such  as 
diarrhoea,  intermittent  fever,  chlorosis,  affections  of  the  brain,  etc. 
The  quantity  is  imreffsed  by  a  fat  dietj  and  in  such  diseases  as  cholera, 
^^inal  irritation,  the  early  stages  of  heart -disease,  general  plethora, 

H  Cimstitution  and  Properties  of  the  Hed  Corpvsctes, — ^The  corpuscle  is 
B^ion-nucleated  body.  It  is  not  a  cell,  in  the  sense  of  a  tjac.  It  oon- 
0Bt8  of  a  tough,  elastic,  transparent  framework,  or  stroma  (that  is^ 
not  merely  a  cell- wall),  infiltrated  with  a  fluid  containing  globulin 
(an  albuminous  body)^  and  a  red  coloring  matter,  called  htemoglobin, 
A  little  fatty  matter,  iron,  and  other  mineral  constituents  are  also 
present.  The  central  light  or  dark  spot  seen  with  the  microscope 
depends  on  the  unequal  refraction  of  the  transmitted  light. 

The  red  corpuscles  have  an  average  specific  gravity  of  TOSS,  but 
this  is  influenced  materially  by  disease.     In  a  case  of  cholera,  the 

Puscles  were  found  to  have  a  specific  gravity  of  1'102.  Inasmuch 
le  specific  gravity  of  water  is  less  than  that  of  the  fluid  contents 
le  corpuscle,  it  follows  that  it  will,  when  mixed  with  the  corpuscles, 
by  osmosis  into  the  cell,  thereby  swelling,  and  finally,  if  the 
in  be  allowed  to  continue  long  enough,  bursting  it. 

We  now  consider  the  chemistry  of  some  of  the  constituents  of  the 
f)U&clep 

1,  Globulin  is  a  substance  similar  in  composition  to,  and  in  its 
operlies  closely  resembliDg,  albumen.     It  is  found  in  large  quantity 
(10  to   14  per  cent)  in  the  orystaUiae  lens,  and  f ox  \\n&  x^«£^tvS& 
ooaetimes  called  cr^st^tllin. 
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2.  HseMOglobin  [hmmato-fitobulin  ;  hcemato^cryKiallia). — This  is  tS 
true,  and  the  only  coioring  matter  of  the  blood  of  vertebrate  animalaS 
Ita  peroentage  compositioii  is  atated  as  — 


Carbon 

Hydrogen. 
Nitrogen  , 
Oxy(i?en  , 
Biilphur  « 
Iron 


7-2 
160 
21-5 

0-7 

0*4  ==  100-00 


H 


Preparation. — (L)  By  the  action  of  cold  water,  in  which  the  hcemo- 
globin  is  soluble,  on  the  coq>U8cleB. 

(2.)  If  a  drop  of  blood,  placed  on  a  glass  slide,  be  diluted  wi 
water,  alcohol,   or  ether»  and  after  a  short  exposure  to  air  co?eJ 
over  with  a  thin  glass  slip,  crystals  of  hremoglobin  will  be  apparent 
under  the  microscope.  (Funke.) 

Properties, — ^Heemoglobin  may  be  obtained  from  blood,  with  more 
or  less  ease,  in  a  crystalline  form  (H tomato- cry staUin  of  Funke). 

The  forms  of  the  crystals  vary  in  diiferent  animals.  Thus  thej 
are — 

(a.)  Pri^malic  in  the  blood  of  fish,  in  human  blood,  and  in  the 
blood  of  moat  mammals. 

(/3.)  Teimheffral  in  the  blood  of  the  rat,  mouse,  and  guinea-pig, 

(y.)  lh\rwjonal  in  the  blood  of  the  squirrel. 

The  formation  of  haBraoglobin  crystals  is  promoted  by  light,  and  bv 
the  chemical  action  of  oxygen  and  carbonic  acid  on  the  corpuscles.  It  ii 
specially  to  be  noted  t)iat  the  crystals  are  not  the  result  of  the  evapt>' 
ration  of  the  water  of  the  blood,  inasmuch  as  they  are  formed  more 
readily  when  the  blood  is  diluted  with  twice  its  volume  of  water  th»a 
when  only  mixed  with  one-half  its  volume. 

HcBmoglobin  is  soltihlo  in  cold  water,  but  not  in  hot.  The  prii* 
matic  crystals  are  soluble  in  94  parts  of  cold  water,  the  solutioa 
coagulating  at  147-2'^  F.  (64^  C),  while  the  tetrahedral  crystals  »!« 
soluble  in  600  parts  of  cold  water,  the  solution  coagulating 
14o*4°  F.  (63'^  C.)  This  coagulation  consists  not  only  in  the  coi 
Jation  of  the  albumen,  but  in  the  formation  of  htomatin.  The  red  sol' 
tion  is  decolorized  by  chlorine^  with  the  precipitation  of  while  flak' 
(the  chhrhcBtnatin  of  Muldor),  and  is  changed  to  a  brownish -red  odor 
by  carbonic  oxide,  and  to  a  brown  color  by  nitrogen.  It  may  b* 
said  generally,  that  whatever  precipitates  htomoglobin,  destroys  it 
The  feeblest  acids  (even  COj)  decompose  it. 

The  remarkable  property  possessed  by  haamoglobin  of  comhiai: 
with  and  delivering  up  oxygen  has  been  already  referred  to  (" 
page  65). 

Carbonic  oxide  displaces  the  oxygen  of  oxy-hmmoglobin  to  form  * 
more  stable  compound  with  the  hiemoglobin. 

A  body  called  hcematoidin  l^ruethceiTWjglo^kmo^x  w«\Wmoi\W\  (O^^HiaNiOji 


mo- 

J 
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Am),  Is  said  to  occur  in  blood  after  extrayasatioB  ia  tHe  tissues  o£j 
liring   animals,  in   the    brown    fluids   of    hydrocele,    ovarian   cysts,! 
eta     It  seems  to  be  a  body  Intermediate  between  hcemoglobin  and 
hrematin. 

H»niatin*-"By  the  action  of  heat,  op  of  mineral  and  other  acids, 
and  also  of  alkalies,  etc.,  hfomoglobin  is  converted  into  h<tmatin 
(hamutostn)  [C^iH^t^NeFegOi,,  Iloppe].  This  body,  which  contains  12'8 
per  cent,  of  iron  oxide^  and  was  once  supposed  to  be  a  constituent, 
and  the  true  coloring  matter  of  the  red  corpuscdes,  is  now  proved  to 
be  merely  a  product  of  the  decompoaitioe  of  the  haemoglobin. 

Hiematin  is  an  araorphouB,  blackish-brown  substance,  without 
taste  or  odor.  It  is  insoluble  in  water,  alcohol,  ether,  acetic  ether,  in  all 
oils,  or  even  in  the  concentrated  mineral  acids  ;  whilst  it  is  soluble  in 
alcohol  acidulated  with  either  sulphuric  or  hydrochloric  acid,  and  in 
aqueous  or  alcoholic  solutioDs  of  the  alkalies  or  of  their  oarbouates. 
The  brown  acid  alcoholic  solution,  when  treated  with  an  alkali, 
appears  red  by  reflected,  and  green  by  transmitted  light.  It  is  a 
body  easy  of  reduction,  but  very  difBcult  of  oxidation.  It  is  decom- 
posed by  chloriue,  and  by  boiling  with  nitric  acid. 

HfflTnatlTTi  Hydrochloride;    Teichmann^s  IJiBmin  Crystals;  Blood 

Preparation. — By  acting  on  hromoglobin  with  common  salt  and 
glacial  acetic  acid, 

Prvperties. — Ehomhtc  dichroic  crystals,  insoluble  in  water,  alcohol, 
and  ether,  and  soluble  in  acids  and  alkalies,  but  in  acetic  and  hydro- 
chloric acids  only  without  decomposition. 


m* — Tlie  Liqitor  Sanguims. 

The  composition  of  the  liquor  sanguinis  has  been  already  stated 
_  (page  967).  By  the  term  **  serum  **  is  meant  the  liquor  sanguinis, 
^KmrmiJir  the  fibrin. 

^"  Properties, — A  straw-colored  fluid  in  health,  becoming,  in  certain 
r  diseases,  such  as  icterus  and  pneumonia,  of  an  intensely  yellow  color. 
^^Itd  average  specific  gravity  is  l"Oi>tt,  and,  in  this  respect,  is  singularly 
^B uniform.  Its  reaction  is  alksline,  the  alkalinity  being  due  to  the 
^Hpresence  of  carbonate  and  phosphate  of  soda. 

^™^   [Note. — Serum  is  also  straw-colored  and  alkaline.     It  coagulates  at 
170'-''  F.  (76-1°  C.).] 

1.  Water, — The  quantity  of  water  in  blood  varies.  Thus  there  ia 
more  in  the  blood  of  women  (especially  during  pregnancy)  than  in 
that  of  men,  and  more  in  those  of  advanced  age  than  in  the  young. 
The  proportion  present  ia  influenced  by  disease.  Thus  there  is  a 
great  diminution  in  the  quantity  of  water  in  the  blood  in  cholera. 
And  further,  arterial  blood  contains  more  water  tlia.u^«tvou^\i^Q(^'» 
whilst  in   hoth  venous  and  arterial  blood  t\\Q  act\ia\  ijjTo^'tNivtjTi  viH. 
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water    varies    houirly    with    the    food,   exercise,    and    atmosplieno 
changes.     Nevertheless,  a  remarkable   uniformity  is   noticeable,  fa 
that  which  lessens  the  water  excites  thirst ;  whilst^  if  an  excess 
water  be  added  to  the  blood,  the  urine  and  sweat  get  rid  of  it* 

2,  Albumen  (C^.H^^NjaSO.^).  This  varies  from  60  to  70 
per  1,000  of  blood.  It  is  the  cause  of  the  coagulation  of  the  serum 
by  heat.  It  may  be  obtained  in  a  soluble  state  by  evaporating  the 
serum  below  120*^  F.  (48*9°  C),  whilst^  if  the  serum  be  evaporated  at 
a  higher  temperature,  the  albumen  becomes  insoluble  in  water  at 
ordinary  pressures. 

Hoppe  considers  that  the  albumen  is  not  present  in  blood  in  a  state 
of  solution,  but  merely  in  a  state  of  fine  subdivision.  Others  belie 
it  to  be  present  as  an  albuminate  of  soda,  whilst  Enderlin  believes 
to  be  held  in  sohition  by  the  sodic  phosphate.  The  blood  of  women 
contains  more  albumen  than  the  blood  of  men,  whilst  arterial  blood 
contains  less  albumen  than  venous.  The  quantity  of  albumen  in  the 
blood  is  decreased  in  such  diseases  as  Bright* s  disease,  scurvy,  pue 
peral  fever,  otc,  whilst  it  is  increased  in  cholera,  intermittent  fever,  etc' 

A  body  called  vegetable  alhurmn  is  found  in  vegetable  juices. 

3,  Fibrin. — The  proportion  of  fibrin  in  blood  varies  between  i 
and  S  parts  iu  1000,  It  is  usually  increased  in  inflammatory 
affections,  as  rheumatism,  pneumonia,  etc,,  and  decreased  in  anaemic 
diseases,  as  typhus,  chlorosis,  etc.  Its  spontaneous  and  speedy  coagu- 
lation distinguishes  it  from  all  analogous  substances. 

All  muscular  tissue  consists  of  fibrin.  The  gluten  of  flour  is  often 
caUed  vegetable  fibrin,  and  bears  a  close  resemblance  to  aniniftl 
fibrin. 

[For  romavka  on  coagulation,  ^ee  page  698.] 

4,  Fatty  Matters. — '^he  proportion  of  fat  in  blood  is  about  1  C 
parts  in  lOOO.  The  quantity  is  not  increased  beyond  this  amount  bf 
a  fat  diet,  but  is  decreased  by  a  want  of  fat  food.  Arterial  blood 
contains  less  fat  than  venous,  and  the  portal  vein  more  fat  tliaa  the 
jugular.  The  quantity  of  fat  (and  especially  of  cholesterin)  is  iti- 
creased  at  the  comm^encemont  of  every  acute  disease,  and  also  in  socae 
chronic  diseases. 

Most  of  the  fatty  matter  present  in  the  blood  is  in.  a  aaponifi^ 

form.     It  would  appear  that  the  fats  peculiar  to  various  organs  exist 

I    ready  formed  in  the  blood,  as  e.g.  cholesterin  (the  fat  of  bUe),  cerebrln 

and  the  phosphorized  fat  of  the  brain,  together  with  oleic,  margf^'*^'^ 

and  stearic  acids,  chiefly  saponified,  but  also  in  a  free  state. 

These  fatty  matters  of  the  blood  not  only  supply  fat  where  it  is 
needed,  but  serve  by  their  oxidation  to  maintain  the  temperature  "^^ 
the  body, 

5,  Extractive  Matter,  — This  term  includes  kreatuf  ni\A  1-,'rntm^^'^ 
g/ficoief  urca^  uric  add^  lap|»uric  aaid  iactic  acids^  and  certain  otiit^r 
bodiea. 
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Aleoliol  IB  aaid  to  b©  always  present  in  blood  in  minute  quantity, 
and  18  supposed  to  be  formed  by  the  fermentation  of  the  sugar,  (Ford. 
Jahresb.,  1861,  page  792.) 

6.  Mineral  Matters. — ^The  percentage  composition  of  the  ash  of 
the  serum  may  be  thus  stated  ; — 

kSodic  chloride       ^ 6108 
Potaaaic  cMoride  ...         ..,         „.         ...  4  08 

Sodic  carbonate  (NaaCO,)           •..         .,.         28-87 
Hydric  sodic  phosphate  (Na^tHPO^)     ,.,  3*19 

Potasaic  sulphate...         278  =  100*00 

Hi©  proportion  of  mineral  ingtedienta  is  greater  in  the  blood  of 
Adults  than  in  that  of  the  young,  greater  in  arterial  than  in  venous 
blood,  and  greater  in  the  serum  of  the  portal  vein  than  in  that  of  the 
jugular.  The  quantity  is  inEuenoed  by  diet  and  by  disease.  There 
is  a  larger  quantity  present  in  the  blood  of  the  cat,  goat,  and  sheep 
than  in  the  blood  of  men,  birds,  and  pigs,  whilst  a  smaller  quantity  is 
found  in  the  blood  of  dogs  and  rabbits  than  in  other  animals* 

The  iron  (a  never  failing  constituent  of  blood)  belongs  exclusively 
to  the  red  corpuscles, 

[For  maiiy  details  connected  with  blood,  such  aa  the  measurements 
of  the  corpuscles,  tests,  etc,,  ffee  the  Author's  and  Dr*  Woodman's 
"Handybook  of  Forensic  Medicine."] 
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Chyle  and  Lympli. 

Chyle  is  the  fluid  of  the  lucUah^  the  lymphatics  of  the  intestines, 

»It  is  transparent  during  fasting,  but  milk-like  during  digestion.  This 
milkiness  is  due  to  the  presence  of  minute  fatty  particles  termed  the 
Inolecular  base  of  the  chyle. 
'  Lymph  is  the  fluid  of  the  lymphatics.  It  is  a  clear,  colorless, 
iaintly  alkaline,  albuminous  liquid,  having  no  fatty  particles  such  as 
^occur  in  chyle  in  suspension. 

In  both  lymph  and  chyle  the  presence  of  certain  corpuscles  may  be 
ceived  under  the  microscope. 

Percentage  Composition  of  Lymph  and  Cht/ie  (Owen  Bees). 


Lymxjh. 

Chylo. 

Water          

90^237 

06'536 

Albumen 

5  516          .*.             1*200 

Fibrin 

0370 

0*120 

Animal  extractive   *.. 

1*565 

1*559 

Fatty  matter 

3*601 

A  trace 

Baits.,. 

0*711 

0*585 

100000  lOO'OOO 

We  remark  —  (L)    That    lymph    and    chyle     are    fe\ib%lsLti\.VBKL^ 
^like^  except  that  chjJe  contains  fat,  and  lymph  none  ot  u^^V^  tiqu^. 

Z  2 
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(2.)  Lymph  and  chyle  ar©  substantially  like  blood,  the  differenj 
being  only  one  of  degree.  In  fact  these  liquids  probably  are  tud 
mental  blood,  containing  corpuscles  in  process  of  development  into  : 
corpuscles.  The  ditference  between  the  lymph  and  chyle  and  the  bio 
becomes  less  and  less  as  the  two  former  pass  through  the  thora 
duct,  or  in  other  words  as  they  approach  the  plaoe  where  they  are  to  I 
mingled  with  the  blood. 

(30  Blood,  lymph  and  chyle  agree,  in  that  they  contain  fibrin,  ao 
coagulate  spontaneously,   although  the   clot  of  lymph  and  chyle  ii 
aofter  than  that  of  blood.     Moreover  in  this  property  of  spontaneoua 
coagulation  they  differ  from  all  other  animal  fluids. 


Milk. 


4 


Milk  is  a  lir^uid  secreted  by  the  female  mammary  gland  after  par* 
turition.     Microscopically  it  consists  of  fat  globules,  surrounded  bj  t 
albuminous   envelope^   having  a  diameter  of  0*0014  in.,  floating 
a  perfectly  transparent  liq^uid. 

Composition  per  100  parts  of  human  tnilk  compared  with  that  of  the  com. 

(Tidy). 


WomftQ'B  Milk. 

CowV  MnK 

Max. 

Min. 

Average, 

Avenge. 

Ctmia        

Btttt«r        

Sugar  of  milk 

6-18 
0-23 

2-97 
4-46 
3-29 
038 

Z'62 
4*02 
4*27 
0-28 

3*64 
855 
470 
0-81 

Total  solids    .. 
Water 

H'20 
86*80 

UOf) 
88-91 

1200 
8T'9l 

1270 
87'dO 

Total 

100*00 

10000 

100*00 

100-00 

Milk  is  a  model  diet.     The  casein  is  its  azotized  portion,  whilst  fal 
eugar,  and  the  mineral  ingredieeta  of  food  (of  which  the  chief  il 
phosphate  of  lime)  are  duly  represented. 

An  increased  yield  of  milk  ia  promoted  up  to  a  point  by  an  inc 
in  the  quantity  of  albuminous  and  fatty  elements  taken  as  foofli  j 
vice  versd,     A  very  fat  diet  increases  the  proportion  of  aU  the  ; 
dienta  and  not  of  the  fat  only- 

Milk  is  a  yellowish,  sweet  liquid.     The  cream  after  a  short 
collects  on  the  surface^  the  lower  part  or  the  skimmed  milk  iucreasio 
at  the  same  time  in  specific  gravity.     If  the  cream  be  well  agiti 
the  albuminous  envelopes  burst,  and  the  fat  globules  coalesce  to  fou 
butter. 

The  reaction  of  fresh  milk  is  variously  stated.     It  is  probably  nearfj 
neutral  or  very  aligVvlly  BiiLQ.\iTi.<B,  Wvci^'wi  Nk^w^  holding  the  casei* 
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rBolutiOB  (albuminate).  After  a  time  the  milk  becomes  acid  and 
ken  coagulates.  Thia  action  is  rapid  if  the  weather  be  warm  and 
tie  air  electrical.  It  is  occasioned  by  the  conversion  of  tbo  milk-sugar 
^  lactic  acid,  under  the  influence  of  the  nitrogenized  body  casein^ 
Bch  acid  efiecta  the  pFeeipitation  of  the  casein  (lactic  fermentation). 
mi&  latter,  containing  the  milk  globules  in  mechanical  admixture, 
iiietitutes  *'  efirrfa/*  and  the  clear  liquid  '*  whj/J^ 

lormal  milk  contains  no  albumen,  but  colostrum  (that  is,  the  first 
secreted  after  pregnancy)  usually  abounds  iu  it. 

tumaa  milk  has  an  average  specific  gravity  of  1030* 

L— DIGESTION  AND  THE  FLUIDS  CONCERNED  IN  IT. 


Saiiva;   Gctstric  Jmce ;  Panrrtatk  Fluid;  Bile;  Intestinal  Juice. 

)igestion  is  a  process  of  solution,  i*e.f  of  rinsing  or  drenching  the 
with  various  secretions  so  as  to  extract  from  it  the  nutritious 
ions,  and  convey  them  into  the  circulation, 
^o  carry  out  this  riusing  process  perfectly,  the  food  is  first,  in  most 
cooked,  and  then  chewed.     Iu  this  way  a  perfect  admixture  of 
f  materials  with  the  various  eolutive  agents  is  effected, 
tie  following  diagram  represents  the  amount  of  the  digestive  fluids 
sd  daily,  and  the  proportions  of  their  chief  constituents. 


uicreAtic  tluid 
IketinAl  nmcnB 
■¥ot&l 


Quantity 
Secreted* 


3*53  Ibe. 

0*44  M 
363  ,. 
0-44    „ 


22  05  ]ba. 


SoUd 
Matters. 


231  gTSi 
2,063    „ 

309    „ 

1,234    „ 

46    ., 


4,788  gra. 


Actire  I'rinciple 


116  grs.  of  pt  jalin. 
1,482   „    of  pepsin. 

39   ,,    of  pancreatin. 
If058  „     of  organic  ferment* 
28    ,,  ,1  «, 


2,723  gra.  of  special  solrentfl. 


Saliva. 


Baliva  is  a  fluid  secreted  by  various  glands,  such  as  the  parotid,  the 
Hmaxillary,  the  sublingual,  etc*  Two  to  three  pints  in  the  24  hours 
raay  be  taken  as  the  average  quantity  secreted.  The  exact  amount, 
irever,  varies  considerably.  The  quantity  is  decreased  by  fasting, 
,  iDcreaaed  by  the  etimulus  of  food  io  the  mouth,  or  by  the  mere 
tltal  impression  connected  with  the  sight  or  even  the  thought  of 


Composition  per  1000  parti  qf  Saliva  (Frericha). 

IV'ater     994-1 

\      laotgamc 
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The  organic  constitaente  of  saliTa  ooastfltof  an  iLlbamlnotd 
called  ptyalin  (irrvw  to  Bpit)  (which  tioiiatitntes  abutit  one-^fatti 
total  solid  matter  of  the  flalira),  together  with  fat^   epithtil 
The  ptyalin  is  said  to  be  contained  more  largoly  in  the  saliva  I 
by  the  submaxillary  tlian  by  the  other  salivary  glands.    Th^  : 
cjonstituentei  eenaiat  of  the  phoaphatea  of  lime,  magneeia,  and  i 
deposition  of  the  earthy  phT>aphate8  on  the  teeth  by  the  actio 
ammonia  of  the  breath  constituting  what  is  called  **  tartar/*)  ol 
chlorides  and  a  small  but  an  ever  present  quantity  of  pot 
cyanide,  said  to  be  increased  when  sulphur  is  taken  internally •( 

ProptTtie^^  ^T. — Saliva  is  a  clear,  feebly  alkaline  fluid.     Itj 
gravity  varies  from  1002  to   1000»     The  alkalinity  of  the 
frum  the  parotid  is  said  to  be  more  marked  than  that  from 
Bolivary  glands.      During  digestion,  moreover,  its  alkalini^ 
creased.    In  certain  diseased  conditions  the  saliva  becomes 
acid* 

The  action  of  the  saliva  is  twofold — 

(d.)  As  a  mechanical  agent  it  acta  as  a  lubricator^  assisting } 
and  deglutition. 

(/i)  As  ^ckffnical  agent  ita  action  depends  on  the  preeeoce  < 
ferment  body  ^pttjatin^^  by  which  the  insoluble  starch  is  traasibd 
into  soluble  dextrin   and  glucose*     Thia  conversion  of  the  9t 
retarded  rather  than  promoted  by  the  gastric  juice.     The  Biaii% 
abo,  being  an  alkaline  fluid,  aseist  in  emulsifying  the  fat 

Gastric  Juice. 

The  gastric  juice  is  a  fluid  secreted  from  the  glands  of  the  I 
untler  the  influence  of  disturbing  cauaee,  such  as  the  ixitroJfl 
food  and  other  mechanical  irritants^  and  more  especially  by 
irritants,  such  as  salt,  etc.     The  quantity  secreted  in  the 
hours  is  variously  stated  at  from  10  to  20  pints. 

Composition  of  Human  Oa^tric  Juke  per  1,000  paHt. 
Water        .,.        ...      094-4 

Solid  coii«tituent8.,.  56      \     Organic  (pepsin)     ... 

(      Inorganic     ... 

The  aaltii  prefieat  in  the  gastric  fluid  consist  of  calcic,  sodic,  i 
potasaic  chlorides,  and  earthy  phosphates. 

The  two  important  constituents  of  the  gaatrio  fluid  are  the  J 
and  ike  pepsin* 

(a* )  As  regards  tJie  fvfe  acid^  some  investigators  maintaial 
lactic  acid,  and  others  hydrochloric  acid.     M.  Yemeuil  itaAeal 
has  found  both  acids  present  in  a  firee  state,  the  bjdrochlotitt  ^ 
being  1*7  parts  in  1,000.  and  the  lactic  acid  in  the  f  r 
of  lactic  to  ^  ^atU  ol  b^dtochloric  acid.     The 


JM 


^ 


facreased  by  i&king  alcohol,  and  decreased  bj  taking  sugar.     (£l^f 
^'  Med*  Examiner/'  VoL  i,,  p,  7B3,  and  Vol.  iu,  p,  254,)  ^ 

The  fact  probably  is,  that  both  acids  axe  usually  present,  the 
hydrochloric,  ae  a  rule,  largely  predominatiDg.  In  some  cases,  more- 
over»  the  presence  of  acetic,  phosphoric,  and  butyric  acids  has  been 
clearly  demonstrated* 

(jS.)  Pepsin  is  an  albuminoid  body,  soluble  in  water,  and  insoluble 
in  alcohol.  Its  solution  is  precipitated  by  corrosive  sublimate,  by  solu- 
tions of  tannic  acid  and  of  lead  salts,  and  by  alcohoL  When  a  solution 
of  pepsin  is  boiled^  its  action  as  a  solvent  of  albuminoid  matter  is 
destroyed. 

Propertm^  etc. — The  gastric  juice  is  a  clear,  acid,  odorless  fluid.  It 
has  a  speciEc  gravity  varying  from  1002  2  to  1002 "4,  It  ia  miscible 
"with  water.  It  coagulates  albumen.  Its  action  ia  powerfully  anti- 
septic.    Its  solution  does  not  become  turbid  on  boiling. 

The  action  of  the  gastric  juice  as  a  solvent  of  albuminoid  matters, 
such  as  fibrin,  coagulated  albumen,  etc.,  depends  on  the  joint  pre- 
sence of  the  acid  and  of  the  albuminoid  ferment-body  pepsin,  A 
certain  temperature  (100*^  F.),  and  a  perfect  admixture  of  the  fluid 
and  food,  as,  *.^.,  by  mastication  of  the  food,  by  the  muscular  action  of 
the  stomach,  etc,,  are  also  necessary  conditions.  Thus,  at^er  a  time 
varying  from  two  to  six  hours,  complete  chymifl cation  of  the  food  is 
effected,  the  fibrinous  and  albuminous  constituents  being  converted 
Tito  different  pepUmes  or  soluble  forms  of  albumen,  such  as  albumino- 
leptonee,  fibrino-peptones,  gelatino-peptones,  etc.,  all  of  which  difler 

m   common  albumen,   besides  their  solubility,  in  being  neither 
agulated  by  heat,  acid,    nor  spirit,  and  in  their  capability  of  being 
ialysed  (alhuminose  of  Mialhe).     The  composition  of  the  chyme  de-  M 

ds,  of  course,  largely  on  the  food,  but  it  has  the  general  appearance  V 
if  a  thick  fluid,  consisting  of  a  solid,  undigested  portion,  suspended 

a  lii^uid  of  a  more  or  less  yellow  color,  and  of  a  more  or  less 
isagreeable  odor* 

The  gastric  juice  has  no  action  on  starch  or  fat.  ^ 

The  Pancreatic  Fluid.  ■ 

This  fluid,  which  in  many  respects  is  like  the  saliva  (hut  no  like  it 
\h  containing  no  sulphocyanides),  Is  the  secretion  of  the  pancreas,  a 
1  gland  closely  resembling  the  salivary  glands. 

Composition  of  Pancreatic  Fluid  per  1,000  parts  (Schmidt).  H 

Water     980-45  ■ 

8nUd«                           19-5S      f      Organic  (pancreatiD),.,     12-71 
^^"^^      *^^^      {      Inorganic        6-84 

Properties. — ^A  colorless  fluid ;  specific  gravity,  100%  V>\O^^A,    \^ 
reaction  is  usually  stated  as  alkaline,  but  this,  ao  ^  sa  \^i*^  %c«^ 
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fluid  18  concerned,  is  doubtful*     Its  action  (!  '  )w 

of  an  organic   principle,   called  panrrentin,   Hl. 

body,    oonstitutiiig   two-tlmda   of  ita    total    Bolid«.       Ita 

two-fold;  (1*)  it   emuUifiea   fat,   cx>nverting  it  into  a   milky | 

thereby  rendering   it   capable  of  absorption   by  tb©   locteali 

(2.)    it  oonrerts  starch  into  glaco66|   and  ao    effeots   tta 

(DobelL^ 

The  Bile. 

The  bile  is  the  fluid  aecreted  from  venonA  blood  by  the  ce 
Uver. 

Average  Compontwnptr  1,000  parti  (Frericha), 

Water    .*.     859^2 

Biliai-y  acids  oombined  with  aUtalli 

(Bilin) 
Fat     ... 
I  Cholesterin 

Mucus  and  coloring  matters 
'Salts  .,.  

The  quantity  of  solid  matter  is  greater  in  the  bile  of  ih^ 
than  ID  that  of  the  old,  and  Is  in  excess  in  such  diseases  n»  i 
heartnliBease  impeding  the  circulation,   etc.,  whilst   it  is 
normal  in  severe  inllammations,  diabetes,  etc. 

Bile  consists  essentially  of  (1)  a  resinoid  matter,  and  (2)  a  i 
matter. 

(L)  Itt$inoid  matter  (bilm).     This  consists  of  the  soda 
salts  of  two,  or  of  one  of  two»  acids,  one  of  which  cont^xia 
and  the  other  none — 

(o.)  Salts  of  taurochoUc  acid  (C^H^^NSO^),  which,  by  the  ac€io8| 
alkalies,  forms  taurine  (OgHyNSO^)  and  a  non-nitrogenous  acid 
chotic  actd  (C.^H^Os).     Thujs ;— 


Solids 


140*8^ 


C^H^NSO, 


CLolic  i 


Ttturocholic  acid      4-      Water      =;  TsurinB  -f 

Taurine  may  be  prepared  artificially  by  passing  olefiant 
sulphuric  anhydride,  neutralising  the  product  dissolyed  in  wal 
ammonia,  evaporating  to  dryness,  and  heating  the  residue  {t$\ 
o/ammoniaj  NHj.lIjQ.C^II^SO^),  so  as  to  expel  a  molecule  of  wat«< 

(/3.)  Salts  of  gh/coeholic  actd  (C^H^aNO^),  which,  by  th 
alkalies,  forms  gt^cocine  (C^II^NOo)  and  cholic  atiJ  ; 
Thus:— 

Oiycocholio  acid      ^       Wnter       =  Glyi  4-        C^ 

[Qlycocholic  acid  gives,  on  adding  sugar  and  n,80g»  a  i 


[tUJ^I 
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la  tho  dogf  sodio  tauroeholate  only  is  present;  in  the  pig,  sodio 
jlycocholat©  only  is  present ;  in  man,  sheep,  etc.,  the  taurooholates 
iBre  in  e:xresa  oirer  the  glycocholates ;  whilst  in  tho  ox  and  in  most 
the  glyoocholates  are  in  excess  over  the  taurocholates. 
Pig's  bile  also  contains  hfo<:holio  acid  (CJJ4H40O4),   and  goose  bile 
henotaurocholin  acid  (C\x^H^N80(i)* 
(2.)  The  coloring  matter  of  the  bile  is  termed  cholochrome.     This  is 
a  mixture  of  a  ^reen  pigment,  insoluble  in  chlorofonn,  called  Inliverdtn 
(Ci^HgoNjjO^ ),  and  a  brown  pigment,    soluble  in   chloroform,   called 
(ilophmn.     Of  this  latter  there  are  two  modifications ;  viz.,  the  red 
hiliruhin  (C^HyNO^),  and  the  brown  hiliphmin, 
A  blue  coloring  matter  has  also  been  described. 
Properties. — Bile  is  a  viscid,  greenish -yeUow>  bitter  fluid,  without 
©dor  when  ^sh,  but  very  offensive  after  it  has  become  putrid.     It 
has  a  specific   gravity  of    1020,     It  does  not    readily    mix    with 
water. 

Its  reaction  is  slightly  alkaline.  It  putrefies  rapidly,  becoming  acid, 
kwing  to  the  presence  of  mucus  derived  from  the  gall-bladdeTj,  the 
kepatic  ducts,  etc. 

The  action  of  the  bile  is  involved  in  much  obscurity :  it  does  not 

onvert  starch  into  sugar  like  the  saliva  and  pancreatic  fluid  (doubted 

by  Wittich) ;    it  does  not  dissolve  fibrin  like  the  gastric  juice ;   it 

loea  not  emtilsify  fat,  or  at  any  rate  to  the  same  extent,  as  the  secre- 

ion  from  the  pancreas*     Some  regard  the  function  of  the  bile  as  the 

aedium,  by  direct  excretion^  for  the  separation  of  an  excess  of  carbon 

ad  hydrogen  from  the  blood,  thereby  effecting  its  purification.     This 

manifestly  its  purpose  in  intra-uterine  life.     Nevertheless,  that  it 

i  more  than  a  mere  excrementitious  fluid,  and  plays  an  actual  part 

digestion,  there  can  he  but  little  doubt.     Some   have  suggested 

;  its  function  is  to  emulsify  fat ;  others,  that  it  assists  the  absorp- 

on  of  fat  by  moistening  the  intestinal  mucous  membrane ;  others, 

it  neuti'alises  the  acid  peptones  from  the  stomach ;  others,  that 

antiseptic   power  prevents  the  decomposition  of  the   food  as  it 

I  through  the  bowels ;  others,  that  it  acts  as  a  natural  purgative 

its  stimulating   effect  on  the   intestines.      As  yet^  however^  our 

aowledge  on  these  points  is  very  imperfect 

Onll-Hioms  consist  sometimes  of  cholochrome,   hold  together    by 
ftucufl  {oriental  bezoar  atoms),  but  most  often  of  cholesterin  around  a 
acleus  of  cholochrome.     Moreover,    earthy  carbonates  and  phos- 
are  generally  present. 


bat] 


The  Intestinal  Juice. 

[The  fluid  secreted  along  the  whole  course  of  the  small  intestines 
alkaline   reaction,    and   contains  3  to  4  per  cent,   of  solid 
It  has  a  powerful  action  in  aa&iaVing  vUgGslioii^  \:Q>ii^\3mx^ 
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the  activity  and  digeetive  power  of  all  the  other  secretions. 
£at,  aad  albummous  substancds  are  thus  equally  a^bcted  by  it. 


D.— EXCEEMENTrnOUS    PEODUCTS, 
Urine;   Urinary  Calculi;   Facet;    Sweat;  Mucm;  Fui. 

Urine, 

The  urine  in  all  animals  ib  the  yehicle  through  and  by  which  the 
body  rids  itself  of  used-up  solid  matter,  aod  of  the  excess  of  wa1 
present  in  the  blood.     It  is  in  short  the  great  outlet  for  the  mtrog< 
of  effete  azo tinted  tissue. 

About  60  oze.  may  be  talc  en  as  the  average  quantity  of  urine 
secreted  by  an  adult  male  in  24  hoursj  but  this  is  subject  to  great 
Tariation^  depending  on  such  causes  as  the  quantity  of  fluid  taken, 
the  season  of  the  year,  and  the  relative  activity  of  the  skin,  lun^ 
and  alimentary  canal. 


'4 

rei^ 


lungiM 


Aim'9g€  Composition  of  Normal  Urint^  and  average  quantity  of  thi 
Constituents  excreted  in  24  hours  (Kirkes). 

Conetituetits  per  Aveni^  quantity  excreted 

1,000  porta.  in  24  honra  (adult  miile). 

967*000  ..  52'U   qz«. 

14-230 
0-468 
10167 
8136 
traceiB  ,, 


Water  

tirea , ,  , ,  , , 

Uric  ikcid 

Extraclives,  Pi^ent,  Mucu« 

8alta.» 

Silica.. 


bVl'i  graint. 

1610  „ 
42'VO  „ 
traoet. 


100  000 


(L)  The  composition  and  character  of  the  urine  of  different  aaimala 
varies.  Thus,  in  the  curnivora^  the  urine  is  usually  clear  and  add, 
containing  much  urea,  and  but  little  uric  acid.  In  the  herhimrct^  it 
is  usually  turbid  and  alkaline,  contaiuing  urea  like  the  camivori, 
together  with  a  great  excess  of  hippuric  acid,  but  no  uric  acid ;  it 
also  contains  an  abttudance  of  the  earthy  carbonates  (hence  ita  tm^ 
bidity),  and  but  very  little  of  the  earthy  phosphates,  these  latter 
being  proportionately  abundant  in  the  fajces. 

Carnivorous  birds  excrete  urea  in  smaU  (quantities,  but  uric  aad  B^ 
abundance,  whilst  granivormts  birds  excrete  uric  acid  in  abundance, 
but  no  urea*       Serpents  and  other  land  carnivorous  reptiles  secrete  uiiei 
acid  almost  entirely,  whilst  frogs  and  other  amphibious  reptilsi  i 
nreai   and  mere  traces  only  of  uric  acid.     Even  the  insecta  exoretf| 
uric  acid. 

Thus  it  would  seem  that  ia  the  animus  that  drink  freely,  tbtl 
nitrogen  is  excreted  as  urea,  whilst  in  those  that  drink  but  little,  M 
is  excreted  as  urio  acii.    It  m-visitXi^  T]LQ^je^,\i^^Qver,  that  these  diittir*] 
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^nces  are  differences  for  the  most  part  of  diet  aimply.  For  if  a  car- 
nivorous animal  (as  a  dog)  be  fed  on  a  purely  Tegetable  diet,  or  a 
herbivorous  animal  (as  a  rabbit)  on  a  purely  anioial  diet^  a  corre- 
sponding change  in  the  urine  results. 

(2.)  The  composition  of  the  urine  varies  greatly  in  disease.  Thus 
the  quantity  of  uric  acid  is  increased  in  gout,  etc. ;  albumen  occurs  in 
Bnglit's  disease,  etc, ;  stigar  in  diabetes,  etc. 

(3.)  The  composition  varies  hour  by  hour<  The  morning  urine 
(urina  sangmnis)  consists  chiefly  of  the  products  of  tissue  decomposi- 
tion. Hence,  our  ehoi*:e  of  tliis  for  analysis.  The  day  and  the  evening 
urine  is  greatly  influenced  by  the  quantity  and  the  character  of  the 
food  ingested  (urina  cihi  and  urina  pot^s). 

And  here  may  be  noted  the  changes  that  bodies  undergo  from  the 
period  of  ingestion  to  that  of  urinary  excretion — 

(a.)  The  kidneys  secrete  certain  bodies  from  the  blood  in  an 
unaltered  state,  e,ff,j  many  metals  (such  as  As,  Sb^  Bi,  Cu,  Cr,  Au, 
Fe,  Li,  Pb,  Hg,  Ag,  Sn,  Zn),  free  organic  acids,  alcohol  {?),  numerous 
salts,  many  of  the  alkaloids,  such  as  morphia,  strychnia,  atropine,  etc, 

(/3.)  In  other  cases,  the  products  secreted  are  oxidized  products,  or 
are  otherwise  changed.  Thus,  ammonia  salts  are  converted  into  ■ 
nitrates;  sulphur,  alkaline  sulphides  and  sulphites,  become  sul-  m 
phates ;  tannic  becomes  gallic  acid.  Or,  again,  the  neutral  salts  of 
organic  acids  become  carbonates ;  free  iodine  is  excreted  as  an  alka- 
line iodide;  ferrocyanides  become  ferricyanides;  indigo  blue  becomes 
indigo  white ;  benzoic,  cinnamic,  and  other  acids  are  found  in  the  urine 
aa  hippuric  acid,  etc. 

Properites,-^{a,)  PhfsiraL  A  clear  yellow  fluid,  having  a  mean  ■ 
specific  gravity  in  health  of  1020.  Its  color ^  however,  may  vary  even  ■ 
in  health  from  a  colorless  liquid  to  a  deep  orange.  In  its  specific 
gravity^  variations  occur  in  health  ranging  from  1015  to  1023, 
depending  on  the  season  of  the  year,  diet,  exercise,  etc.  In  disease 
the  variation  is  much  greater,  being  sometimes  as  low  as  100^^  as  in 
albuminuria,  or  as  high  as  1060,  as  in  diabetes .  Of  its  relative 
cleani€u  it  is  to  be  noted  that  in  health  it  often  becomes  turbid  on 
cooling,  due  to  the  deposition  of  phosphates.  The  cause  of  its  peculiar 
ifdor  has  not  been  well  made  out.  The  odoriferous  principle,  what- 
erer  it  may  be,  undergoes  speedy  change. 

(/3.)  Cheviical.  Healthy  urine  is  generally  acid.  The  aoidity  of  the 
60  oz.  voided  in  the  24  hours  may  be  taken  as  equivalent  to  about 
the  acidi^  of  30  grains  of  oxalic  acid.  This  acidity,  which  is 
leaa  during  digestion  (and,  indeed,  after  a  meal  the  urine  may  even 
be  alkaline)  and  moat  marked  during  fasting,  is  due  to  the  acid 
phosphate  of  sodium,  and  according  to  some  observers,  to  certain 
free  acids,  such  as  lactic  acid  (?). 

k  After  a  certain  time,  varying  from  a  few  daya  \xi  \rwo  -^o^^,  ^^ 
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imne  becomes  alkaline.  This  aUcaUnity  is  due  to  the  urea  beeomiiH 
converted  into  carbonate  of  ammonia,  crystals  of  triple  pbospbatfl 
confer  void  growths  and  vibriones  occuiringf  simultaneouslj  in  thl 
urine.  Indeed,  this  chaoge  may  be  so  rapid  that  under  certain 
morbid  conditions,  as  in  cases  of  retention,  it  takes  place  in  the 
bladder  itself^  thua  rendering  the  urine  turbid  and  alkaline  when 
voided.  The  urine  may,  however,  under  certain  other  conditio: 
be  alkaline  when  secreted.  This  occurs  when  neutral  alkaline 
of  the  vegetable  acida  have  been  administered  in  excess,  the 
being  destroyed  in  the  process  of  respiration,  whilst  the  alkali 
pears  in  the  urine  as  a  carbonate. 

We  now  consider  in  detail  the  various  constituents  of  the  urine : — 

1,  Water*^ — This  varies  according  to  season,  exercise,  drink,  con- 
dition of  nervous  system,  etc.  Thus  it  is  increased  iu  diabetfll 
(especially  in  D.  insipidus),  and  decreased  in  albuminuria,  in  febrile 
affections,  and,  in  short,  in  any  disease  increasing  the  secretion  of 
water  by  other  channels, 

2,  TJveB^— Carbamide  [CH^N^A  or  00(NHo)e],  {iee  page  514). 
TJrea  constitutes  nearly  one-ha!f  of  the  total  solid  matter  of  the  viim 
It  is  the  principal  outlet  for  the  effete  or  the  excessive  nitrogen  from 
the  system.  The  quantity  excreted  is  greatest  with  an  animal  diet, 
and  least  with  a  vegetable,  greater  in  males  than  in  females,  and 
greater  in  middle  age  than  in  youth  or  old  age. 

Conatihtikm. — The  molecular  formula  for  urea  is  CH^NgO.  It  U 
commonly  regarded  as  the  amide  of  carbonic  acid — that  is,  Just  as 
oxamide  (CgH^NjCj)  is  derived  from  anunonic  oxalate  [(Nn4)gCjO|]bj 
the  abstraction  of  two  water  molecules,  so  urea  (CH^Nj^O)  is  derived 
from  ammonic  carbonate  [(N 0^4)5003], 

Preparation. — (A,)  Prepatuitivn  from  urine.  (1.)  Evaporate  the 
urine  to  a  syrup,  and  mix  the  concentrated  liquid  with  an  equal  balk 
of  nitric  acid.  In  this  way  a  quantity  of  nitrate  of  urea  will  h$ 
formed  (C0(NH2),>IIN03),  Dissolve  this  compound  in  boiling  water, 
and  treat  the  solution  with  baric  carbonate,  when  pure  urea  remains 
in  solution.     Thus — 

2(C0(NHo)£lIN03)H-BaC03^C0(NH2)2H-Ba(N0,)o+    CO^    +  H^O. 
Nitrate  of  Urea       -f   BaHd  ^       Urea       -|-      Bario     -|-Carliouic  + WaW- 
corboDate  mlr«iQ        aohydiide 

The  clear  filtrate  is  then  to  be  evaporated  to  dryness,  and  the  area 
separated  from  the  baric  nitrate  by  hot  alcohol. 

(2.)  It  may  also  be  prepared  by  forming  an  oxalate  of  urea  by  tl^ 
action  of  oxalic  acid  on  the  concentrated  urine.  On  adding  chalk  to  • 
solution  of  this  oxalate  in  boiling  water,  calcic  oxalate  is  precipitate(li 
and  a  solution  of  urea  results,  which  may  be  purified  by  crystallisattOJi* 

(B.)  By  the  action  of  heat  on  ammonic  cyanate. 

(C.)  By  tho  decompofeititta  \jt  assvmyiuium  carbamate. 

(Da  Urea  waa  tlie  &rial  oT^a.Tuv:.\io^^  ^x^^«x^\^a:^jiSwa5ii^^  v^m^^^^ 
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A  mixture  of  potasaic  ferrocyanide  (56  parts)  and  manganic  peroxide 
(28  parts)  ia  heated  to  redness,  when  tlie  following  changes  aocur : — 


FeO 


oxide. 


K^FeCyg     +      Og     =     4KCyO     +     2C0, 
'        PotsAStc        4*   Oxygen  ^^      Putassio       -f    Carbonic 
ferrocyanide  cjanato  anliydrido 

»  The  residue  is  now  treated  with  cold  water,  and  the  clear  filtrate 
containing  the  potassic  cyanate  is  mixed  with  amnionic  sulphate  (41 
parta).  The  solution  is  then  evaporated  to  dijness,  and  the  urea 
separated  from  the  potassic  sulphate  by  solution  in  hot  alcohol : — 

2KCyO      -f     (NH^)^804      ^      K^SO^      +      2CO(NH«)2         - 
FotaMiG  -f  Ammonic  ^       Putassic       ^  Urea.  H 

cyauate  eulphate  aulphate  " 

Prop€rtiei* — A  colorless,  inodorous  body,  crystallizing  in  long-flat- 
tened prisms.  It  is  soluble  in  spirit  {1  in  5  at  50"^  F.),  and  very 
soluble  in  water  (1  in  1  at  60^  F.),  the  solution  being  neutral  and  per- 
'  manent.  Its  rapid  decomposition  in  the  urine  into  ammonic  carbonate, 
(to  which  the  ammoniacal  odor  of  putrid  urine  is  due),  depends  on  the 
mucus  present  in  the  urine.  When  heated  it  melta,  and  finally 
decomposes,  evolving  ammonia  and  ammonic  cyanate,  and  leaving  a 
reaidue  of  cyanuric  acid.  It  forms  salts  with  acids,  such  as  the  nitrate  m 
of  urea  [C0(NH2)2.HN03),  an  important  compound,  an  account  of  ita  f 
difficult  solubility  in  nitric  acid.  When  boOed  with  solutions  of 
oaufitic  alkalies  (cold  solutiona  being  without  action  upon  it  J,  it  ia 
reaolved  into  ammonia  and  an  alkaline  carbonate— a  similar  result 
occurring  when  urea  ia  fused  with  the  alkaline  by d rates,  or  heated 
with  water  in  a  sealed  tube.  It  combines  with  metallic  oxides  ;  thua 
the  compound  CO(NH2)2,2HgO  ia  produced  when  mercuric  oxide  ia 
added  to  a  solution  of  urea  in  a  potasaic  hydrate  solution.  Urea  is 
decomposed  by  nitrous  acid  and  by  clilorine. 

Compound  itreas  are  formed  by  the  replacement  of  the  hydrogen  of 
the  urea  by  hydrocarbon  groups.  In  sulpfw-ureaj  sulphur  takes  the 
place  of  oxygen  [CS(NH.Jg]. 

3,  Uric  Acid ;   Luhk  Add  (C^N^H^O^). — ^This   is  present  in  the 
urine  in  combination  with  soda  and  aoimonia,  and  is  probably  derived 
from  the  disintegrated  elements  of  albuminous  tissues.     These  salts 
of  uric  acid,  being  more  soluble  in  warm  than  in  cold  water,  are  m 
frequently  deposited  as  the  urine  cools,  a  reaction  occuning  in  cer-  m 
tain  deranged  states  where  an  excess  of  uric  acid  is  present. 

The  quantity  of  uric  acid  in  human  ui'ine  is  increased  by  an  animal, 
and  decreased  by  a  vegetable  diet*     It  is  increased  in  certain  morbid 
states  of  the  system.     It  varies  greatly  in  diOerent  animals.     In  the  m 
feline  tribe  uric  acid  is  often  ©ntireiy  replaced  by  urea.     In  birds  and  ■ 
serpents  the  urea  is  often  entirely  replaced  by  uric  acid.  This  suggests  I 
the  notion   that   although  urea   and  uric   acid  may   have   difiereixt  ■ 
origins  and  diUerent  oilicea,  nevertheless  that  ea!t:\i  ma^  ^q  V)tL«^  ^o^ 
of  the  other,  ^ 
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Urat©  of  soda  conatitutes  the  cliief  constituent  of  the  gouly  concre^l 
tiona  called  **  chalk-siQnes.^*  ' 

Preparation. — It  haa  never  Ijeen  prepared  artificiallj, 

A.  i^/'f>f7i  urine* — By  adding  HCl  to  the  concentrated  mine*  The 
uric  acid  ia  precipitated  in  the  form  of  hard  red  graine, 

B.  From  the  excremmt  of  serperU8.'--*Thia  consists  of  acid  ammonia 
urate.  DissolTe  the  excrement  by  boiling  in  a  solution  of  potassic 
hydrate ;  filter,  and  add  hydrochloric  acid  to  the  filtrate,  when  the 
uric  acid  is  precipitated  as  a  white  crystaEine  powder.  *'  Guano'*  is 
an  impure  uric  acid,  and  is  formed  by  the  partial  decomposition  of  the 
excrement  of  sea  birds. 

Properties, — ^Uric  acid  is  a  tasteless,  inodorous,  and  sparingly 
eoluble  body  (1  in  10,000).  It  ia  insoluble  in  alcohol  and  ether,  but 
is  Boluble  in  strong  aulphuric  acid.  When  heated  in  a  retort,  a 
black  residue  remains,  cyanic  acid,  hydrocyanic  acid,  carbonic  anhy- 
dride, and  ammonic  carbonate  being  evolved. 

Uric  acid  ia  a  dibasic  acid.  Fused  with  an  alkaline  hydrate,  it 
yields  an  alkaline  carbonate,  cyanate,  and  cyanide.  Mixed  with 
nitric  acid,  it  effervesceSj  and  if  the  resulting  solution  be  evaporated 
nearly  to  dryness,  and  after  dilution,  mixed  with  a  slight  excess  of 
ammonia,  the  characteristic  deep  red  tint  of  murexide  (GeNeHgO^) 
ia  immediately  produced. 

With  hydriodic  acid  and  heat,  it  ia  resolved  into  glycocin,  carbonic 
anhydride,  and  ammonia. 

Seme  Products  of  the  Oxidation  of  Urie  Acid* 


PreporatioiL  imd  Propertiea. 
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^tpQrati(m*^{l,)  Fmni  the  ulkntoie  fluid  of  fcetal  calf,  (2. 
boiling  uric  acid  with  water  and  peroxido  of  lead. 

FroperHes*  —  Transparent  colorlosi  crptala;  soluble  in  1$0  . 
of  cold  water.  Decompoaed  b  j  boiling  with  mlaeral  aetdi' 
cauElic  alkalies. 

Preparation, — By  til©  action  of  fltrong  nitric  acid  oa  imo  Addis 
cold. 

Properties.— 'WiiiXQ  crystals ;  very  soluble  in  water ;  crratals  . 
anhydrous  at  160'  C. ;  aolution  acid,  and  rtains  tie  akio  ni\ 
decoutDUficd  by  both  oxidising  and  reducing  agents.  FomiiA 
deep  blue  compound  when  acted  on  witb  an  aikidl  and  &  ferwil 
salt.  Alloxan  appemrs  to  be  tbe  intermediate  stage  in  the  ts^ 
yemonY  by  oxidation,  of  uric  acid  into  ureiu  When  aBoxaD  ii 
boiled  with  peroxide  of  lead,  urea  is  fonaed — 

(C,N.,H,O,+2PbO,+H,O=CH,N/J-f3C0,+2Pbn). 
AUoxan  tbrma  alloxan  tin  by  the  action  of  ffulphiiretted  hi'drogfiL 

Preparation. — (1.)   By  the  action  of  hot  dEute  nitric  acid  on  "^ 
acid.     (2.)  By  the  action  of  reducing  agents  (as  H^J  an 

iVc!/wTf«v.— Colorless  crystals.     Soluble    wiUi    difficulty  in 
water,  more  soluble  in   hot.    Becomes  uihydrous  at  150* 
Solution  acid.     Gives  a  violet  precipitate  with  baryt^i  water, 
a  black  pn^cipit&to  with  AgNO^  — Converted  by  oxtdizinga^ 
ii^to  aXkixm.  T&oftkd  iti  wu-ter  with  peroxide  of  lead,  it  fonna  _ 
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^ame. 


lozanic 
acid 


eooxalio 
acid 


irabanic 
add 


tuonnrio 
add 


Uramil 


[nrexide 
iupurate 
f  ammo- 
nia) 


Dialnrie 
add 

Dialwio 


Fonnula. 


C.NAO. 

C,OJOH), 

C.NAO, 
C,N,H,80, 

C,N,H.O, 
C,N,H,0,+aq 


Preparation  and  Propeitiet. 


Prepmratum, — By  the  action  of  baryta  water  on  a  solution  of  alloxan. 
The  Ba  is  to  be  separated  by  U^'SO.. 

Properties. — A  crystalline  bibasio  acid.  The  solution  is  add,  and 
decomposes  carbonates.  It  dissolves  Zn  with  the  disengagi^ 
ment  of  hydrogen.  The  silver  allozanate  is  insoluble.  On  boil- 
ing  in  water   alloxanic    add    forms    urea    and   mesoxalio  acid 

Preparation.— (I.)  Bj  heatine  a  solution  of  baric  allozanate  to  boil- 
ing. (2.)  By  adding  a  solution  of  alloxan  to  lead  acetate,  and 
decomposing  the  lead  mesoxalate  with  11,3.  Urea  u  formed 
at  the  same  time. 

Properties. — A  crystalline  acid.  It  resists  heat.  The  silver  mes- 
oxalate is  insoluble. 

Preparation, — By  the  action  of  moderately  strong  nitric  add  on  uric 
.avid,  or  alloxan,  with  the  aid  of  heat. 

Properties. — A  crystalline  acid.  Tho  solution  neutralised  with  am* 
monia  and  boiled,  yields  an  ammonium  salt  of  oxaluric  add. 

Preparation. — By  the  action  of  a  sulphurous  acid  solution  on  a  odd 
solution  of  aUoxan,  and  afterwarda  bdling  the  mixture  with 
ammonia  and  ammonic  carbonate.  The  ammonio  thionurata 
formed  is  to  be  converted  into  a  lead  salt,  which  is  then  dt- 
composed  with  sulphuretted  hydrogen. 

Properties. ^Bj  boiling  the  solution  it  is  resolved  into  iulphurio 
acid  and  uramil. 

Preparation.—'By  boiling  a  solution  of  ammonio  thionurate  with  a 
slight  excess  of  hydrochloric  acid. 

Properties.^A  white  crystalline  body.  Its  ammoniaoal  solution 
turns  purple  in  air.  It  is  decomposed  into  alloxan  and  ammonio 
nitrate  by  nitric  add,  and  forms  pseudo-urio  add  by  the  action  of 
potasdc  cyanate. 

Preparation. — (1.)  By  heating  dry  alloxantin  with  ammonia.  (2.) 
By  boiling  uramil  and  mercuric  oxide  in  a  weak  solution,  of 
ammonia. 

Properties.—Tht  crystals  appear  men  by  reflected,  and  purple  red 
by  transmitted  light.  It  is  insoluble  in  alcohol  and  other.  It  ia 
soluble  in  hot,  but  not  very  soluble  in  cold  wnti«r.  It  is  deoom* 
posed  by  mineral  acids,  a  white  body  (muroxan)  bdng  precipi- 
tated. It  is  soluble  in  KHO,  the  solution  being  purple  rid,  and 
disappearing  on  bdling. 

Preparation. --By  the  long  continued  action  of  11,8  on  a  boilinff 
solution  of  alloxan.  It  is  the  flnal  product  of  the  action  oi 
reducing  agents  on  alloxan. 


4,  Hipparic  Add  (Cgll^NOs) ;  Bemamidacetic  acid  (CJI,[NH 
(C,H5O)j0t) ;  Beiaayl  glycocoU  (CjH/CylljOjNOa).— Thig  acid  ia  found 
in  large  quantities  in  the  urine  of  herbiToroua  animalfi,  but  it  al«o 
oocors  in  amall  quantities  in  the  urine  of  man.  It  is  derired  partlj 
ftoai  certain  constituents  of  regetable  diet,  and  partlj  from  the  natural 
disintegration  of  tissue. 

The  relationship  between  hippuric  acid  and  benzoic  acid  is  to  be 
noted.  The  urine  of  a  cow  or  horse  when  at  rest  jields,  bj  the 
aetion  of  hydrochloric  acid,  hippuric  acid ;  but  if  the  animals  ax«  Vymk% 
aetiTely  worked,  their  nriDe  jields  benzoic  add,  and  itfAYuw^Ttf:'  ^'^^ 
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Moreover,  the  fresh  urine  only  yields  hippuric  acid,  the  same  urine" 
when  stale  yielding  benzoic  acid.     If  benzoic  acid  be  administered  to 
an  animal,  kippuric  acid  m  found  in  the  mine.  ^| 

The  urine  of  children  is  said  sometimes  to  contain  benzoic  acid,       ^ 
Preparation, — (L)  Evaporate  cows*  urine  to  a  thick  syrup,  and  add 
to  the  concentrated  urine  au  excess  of  hydrochloric  acid.     HippuridJ 
acid  will  be  deposited  on  standing. 

(2.)  By  the  action  of  benzoyl  chloride  on  zinc  glycoeoU  :— 

Zn"(C2H^N02)o     -f     SCtH^OCI     =     ZnCU     4-     2C9lTi,NO,5. 

Zinc  glycocoll  +         Benzoyl  ^      Zincic        -f*  Hippuric 


chloride 


Ghloride 


aoiid. 


Propertied!. — lihombic  prisms  soluble  in  hot  alcohol  and  in  ooH 
water  (1  in  400),  Solution  acid*  Forms  crystallizable  salts.  The 
acid  is  monobasic.  When  heated  it  yields  benzoic  acid,  benzoate  of 
ammonia  and  benzonitrile,  a  coaly  residue  remaining  in  the  vessel.  It 
is  converted  into  benzoic  acid  by  sulphuric  auid,  and  into  benzoic  acid 
and  glycocine  (C^H^NO^)  by  hydrochloric  acid.  Kitrous  acid  converts 
it  into  benzoglyeoHic  acid  (GgHgO^)  which  by  the  action  of  boiling 
water  is  converted  into  benzoic  (C^H^^Og)  and  glyoollic  acids  {CflH405). 

It  is  to  bo  remarked  that  hippuric  acid  is  soluble  in  an  aqueoua 
solution  of  aodic  phosphate,  which  probably  explains  the  acid  reaction 
of  the  urine. 

5.  Salts. — These  consist  essentially  of  eulphoric,  phosphoric,  and 
hydrochloric  acids,  combined  with  soda  and  potash,  and  with  lime 
and  magnesia.     The  ash  also  contains  a  trace  of  iron. 

The  quantity  of  saline  matter  in  Dorraal  urine  varies  between  8  and 
9  grains  in  1000  of  urine,  but  the  quantity  is  largely  influenced  by 
diet  (an  animal  diet  increasing  the  quantity  of  sulphates),  bj  mental 
energy,  etc. 

6,  Extractive  Matter.^This  includes  kreatin,  kreatinin  (derived 
from  the  metamorphosis  of  muscular  tissue),  xanthin,  and  other  bodies^ 
such  as  indican,  glticose,  etc, 

7,  PigTHents. — The  pigments  of  the  urine  are  not  well  understood. 
They  are  probably  altered  hoe  mo  glob  in.  A  body  called  vrohmmatin 
has  been  mentioned  by  Harley,  and  one  caOed  urochrome  by  Thudi* 
chum.  Other  pigments  variously  named  purpurin,  rosacio  add,  and 
uroerythrin  have  also  been  described. 

Schunck  considers  that  all  urinary  pigments  are  products  of  two 
coloring  matters  always  present,  the  one  being  soluble  in  ether, 
having  the  composition  C4^H5^NOj6,  and  the  other  insoluble  in  ether, 
having  the  composition  Ci^HgiNOi^, 

In  jaundice  the  urine  is  colored  by  bile  pigment. 

8.  Free  Gases*— It  was  found  that  lOO  c.c-  of  urine  yielded  at  nor- 
mal temperature  and  pressure  the  following  gases : — 
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Nitrogen 

Oxygen        

Carbonic  anhydride,  free  . . . 
.,  ,.  combined 


0-87 
006 
4-54 
207 


It  is  to  be  noted  that  the  composition  of  the  urine  is  largely  in- 
flaenced  by  disease.  Thus  albumen  appears  in  Bright's  disease,  and 
glucose  in  diabetes. 


Urinary  CalcnlL 

A  few  general  analytical  remarks  are  all  that  is  necessary  here. 

On  heating  a  yery  small  piece  of  the  calculus  on  platinum  foil,  one 
of  two  results  may  occur : — 

A.  It  may  be  entirelt/,  or  very  nearly  entirely,  dissipated. 

If  this  occurs,  it  is  probably  uric  acid,  but  it  may  be  urate  of  am- 
monia, cystine,  or  xanthin. 


Caleolos. 

Physical 
Characters. 

Action  of  Water, 
Alkalies,  etc. 

Action  of  Acids,  etc. 

Uric  acid, 

Brownish  red;  smooth 
ortuberculated;  con- 
centric himinse  (com- 
mon). 

Insol.    in    water;    sol. 
by  heat  in  solution  of 
&H0,  without  the  ge- 
neration of  ammonia. 
A  ppt.  of  uric  acid  oc- 
curs when  an  acid  is 
added  to  the  alkaline 
solution. 

Dissolves  with  efFenrei- 
cence  in  HNO,.    The 
residue  on  evaporation 
>     is  red,  becoming  purple 
red  on  the  addition  of 
ammonia    (purple   red 
murexide). 

Urate  of 

Chiy  colored ;  smooth ; 
fine  concentric  lami- 
nse  (rare). 

Sol.  in  water;   sol.  by 
heat    in    solution    of 
EHO,  ammonia  fumes 
being  evolved. 

CTRtine 

Brownish       yellow ; 
semi  -  transparent ; 
crystalline        (very 
rare). 

Insol.  in  water,  in  al- 
cohol, or  in  ether ;  sol. 
in  ammonia,  when  the 
solution  is  evaporated 
spontaneously,  it  leaves 
hexagonal  plates.  The 
ammonia    solution    is 
precipitated  by  an  acid. 

Odor  of  CS,  when  heated. 
Sol.    in    a    solution    of 
KHO.    If  acetate  of  lead 
be  added  to  a  boiling  solu- 
tion, a  black  ppt.  of  PbS 
results. 

Pale  brown;  polished 
appearance       (very 
rare). 

tions. 

Sol.    in     HNO,    without 
effervescence ;  residue  on 
evaporation  a  deep  yellow 
color.      SoL    in  boiling 
HCL 

B.  It  may  not  be  dissipated  by  heat. 

It  is  probably  oxalate  of  lime  or  fusible  calculus,  but  it  may  be 
phosphate  of  lime  or  ammonio-phosphaie  oi  ma^eciou 
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Gakultu. 


Oxaljite  of  lime 

(miilberrr 
calculus). 


Physical 
Churactera. 


Deep  brown ;  rough  ; 
very  hard ;  layers 
thidt  (oommoii]. 


Aetioii  of  AxaoKmtA 
ooEi  Solutions* 


The  solutioa  in  IICI 
gives  a  white  amor- 
pboua  [}pt.  vrlth  am* 


SoL  in  llCl  witho 
veecence ,  iiuoL  i 
add*      When 
become*  CaCO«  ^ 
difldoltei     iu    lie 
eflervitfcenc^,  but  <| 
heated  more  i 
only    remains, 
alkaline  to  taring 


Phosphate  of  lime 

(bone  earth 

caloultifl). 


Pale     brown     color ; 
lamina)  regular 

(rare)* 


The  eolutum  in  IICI 
givoe  a  white  amor* 
phoufl  gelatinouA  ppt. 
with  ammonia. 


SoL  in  nCl  ;  insjl. 
a<^tio  acid.  lazuli 
before  the  blow 
The  reaicltie  qd 
stnmgly  hieflied  U  m 
alkaline. 


Ammonio-phos- 
phete  of  mugncvsia 
(triple  phoephato). 


White,  brittle,  and 
cryBtalUne ;  aurface 
uneven ;  seldom  la- 
(rare). 


The    solution  in  acidt 

gives  a  white  cryatal- 
ae  ppU  with  ammo- 
nia. 


Mixed  phosphate 
of  lime  and 
ammomo-^  phos- 
phate of  naag* 
neaia  (fusible 
calculus). 


Sol  in  HCl  end  i 
ftcid.  Fusible 

blow-pipe  with 
evolving  NH^ 
insol.   in  water 
alkaline. 


White ;  often  very 
large ;  fusible  and 
rarely  laminated 
(common). 


The  solution  in  HCl 
or  acetic  add  gives  a 
white  ppt.  with  am* 
monia  (phosphate  of 
magueeia)  and  a  white 
ppt.  with  oxalate  of 
(lime). 


SoL  in  aoetic  tM  ,  i 
in   KHO.      VeryT 
by     blow    |>ip«, 
being  tneoL  ioj 
eoL  in  acida. 
alkaline* 


These  constitute  tlie  excrementitious  portions  of  food.     The  dii* 
mical  composition  of  the  solid  matter  of  the  excrement  vn  * 
the  food  taken*     The  fieces  consist  (on  an  average)  of  al"  ^ 

cent,  of  solid  matter  and  the  rest  water.  The  solid  portion  is  made  np  of 
biliary  matter,  alimeDtary  debris,  and  salts,  these  latter  being  mainly 
phosphates  of  lime  and  magoesia,  with  small  quantities  of  iron,  soda* 
lime,  and  silica.     The  offensive  odor  of  feeeal  matter  is  due  to  < 
intermediate  products  of  oxidation,  and  becomes  more  offensive 
quantity  of  bile  secreted  diminishes. 

Excrttin  (C^eHiijeSOs),  a  body  melting  at  204'8°  F.  (96-'  C\;.  soiut 
in  water  and  hot  alcohol,  and  insoluble  in  cold  alcohol,  has  beon  i 
covered  by  Marcet  in  the  alcoholic  extract  of  fsBoal  matter. 

ExcretoUc  acid  (Marcet)  consists  of  a  mixture  of  fat^  acids, 
cipitated  by  the  action  of  lime  on  the  alcohoHc  extratt  of 
matter. 

Sweat  i&  the  watery  excretion  from  the  sudorlpaxons  glaudB 
the  skin.    Ite  x ©action.  \»  ukvx^^  ^jca^-,  feoro.  \k«i  ^v^oenoo  of  frta  I 
and  formic  a^lda,  ^Vi,    It  ^Qut«^^^  ^o^m^-^  S»l-^^  \«5t  ^ 
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matter,  the  quantity  Tarying  with  the  temperature  of  the  day,  the 
liquids  taken,  the  amount  of  exercise,  etc.  The  chief  part  of  the 
solid  matter  consists  of  sodic  chloride,  but  traces  of  phosphate  of 
lime,  and  of  lactates,  butyrates,  and  acetates  are  also  present 
A  trace  of  urea  is  said  to  be  constant.  A  peculiar  azotized  and 
easily  decomposed  body  and  an  odorous  principle  are  present  in 
▼arying  quantity.  Carbonic  aoid  and  nitrogen  are  also  given  off  by 
the  skin. 

Mncns  is  a  viscid  matter  secreted  by  the  mucous  membranes.  It 
is  always,  more  or  less  largely,  mixed  with  epithelimn  cells.  Its 
glairy  consistence  is  due  to  the  presence  of  a  nitrogenized  body  called 
mucin,  the  per-centage  composition  of  which  is  said  to  be  carbon 
52'2,  hydrogen  7*0,  nitrogen  12*6,  and  oxygen  28*2. 

Mucm  swells  up,  but  is  not  soluble  in  water.  It  is  turned  yellow 
by  nitric  acid.  It  is  neither  precipitated  by  mercuric  chloride,  nor  by 
acetic  acid,  plumbic  acetate,  or  potassic  ferrocyanide,  but  is  coagu- 
lated by  alcohol  and  by  heat. 

Pus  is  a  creamy-white  fluid,  having  a  neutral  or  slightly  alkaline 
reaction.  It  appears  under  the  microscope  to  consist  of  minute  globules 
floating  in  a  transparent  serum.  The  pus  globules  are  only  imper- 
fectly dissolved  by  alkalies.  They  contain  fat  (2  to  6  per  cent.)  and 
choleeterin  (1  per  cent).  Dilute  acids  distend  them.  The  serum 
contains  albumin,  leuciD,  and  the  albuminoid  body  called  ''  pyin." 

P^tt  is  soluble  in  water.  It  is  precipitated  by  acetic  acid.  Unlike 
mucin  it  is  precipitated  both  by  mercuric  chloride  and  by  lead  acetate. 

Cholesterin  C26H43OH  is  a  fat-like  body,  soluble  in  ether,  in  boiling 
alcohol,  and  in  chloroform.  It  is  the  chief  constituent  of  biliary 
calculi. 

The  solid  residue  of  pus  contains  12  per  cent,  of  saline  matter, 
phosphoric  acid  and  potash  being  the  principal  acid  and  base  present. 
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Lique&ction  of  OxygeD^  Etc. — Since  the  chapter  on  oxygen  was 
printed,  M.  Baoul  Fictet  of  Geneva  has  effected  the  liquefaction  of 
oxygen  under  a  pressure  of  300  atmospheres,  and  at  the  temperature 
produced  by  the  evaporation  of  liquid  carbonic  dioxide  in  a  vacuum. 
On  removing  the  pressure  a  jet  of  liquid  oxygen  escaped  from  the 
tube.  By  a  double  circulation  of  SO,  and  COj,  the  liquefaction  of 
the  CO,  was  effected  at  a  temperature  of — 85°  F.  ( — C/)°  C.)  and  at  a 
pressure  of  4  to  6  atmospheres.  This  liquid  carbonic  anhydride 
was  then  passed  along  a  tube  about  4  meters  long,  communicating 
with  two  air-pumps.  By  forming  a  vacuum  with  the  j)umps  the 
CO2  solidifies.  Through  the  interior  of  this  tube  a  second  and 
smaller  tube  passes,  through  which  a  current  of  oxygen  set  free  in  a 
strong  vessel  can  be  passed. 

The  apparatus  will  stand  a  pressure  of  800  atmospheres. — **  Che- 
mical News,"  Vol.  xxxvi.,  p.  281.) 

M.  Pictet  has  also  lately  made  the  experiment  of  liquefying  and 
solidifying  hydrogen.     The  j)roce8s  consisted  in  the   docompoHitioa 
of  potassic  formate  by  potassic  hydrate,  by  whicli  means  pure  hydrogen 
19  generated.     Thirty>five   minutes  after  the  commenconiout  of  the 
eixperiment,  a  pressure  of  G50  atmospheres  was   reached,    at  which 
jpoint  it  remained  for  some  minutes.     The  tap  of  the  apparatus  being 
x^ow  opened,  a  bluish  jet  escaped  with  a  crackling  sound,  like  that  pro- 
duced by  the  contact  of  water  and  red-hot  iron.     The  jot  tlien  sud- 
denly ceased ;  and  it  appeared  as  if  a  hail  of  solid  bodies  was  thrown 
violently  with  a  rattling  noise  on  the  ground.     The  tap  having  been 
Sixain  dosed,  the  pressure  fell  from  370  atrnospheroH  to  4$20,  at  whiah 
i^    stood  for  a  few  minutes,  then  rising  U>  325.     Wh'^n  ilm  tap  was 
^xice  more  turned,  a  jet  again  escaped,  which  undorwont  inti;miptions, 
Blowing  that  beyond  doubt  crystallisation   hod   tak«»n  pla/;«  in  tho 
^^tierior  of  the  tube.     This  was  pr^/rf^l  by  the  oscajio  of  th4j  fluid 
^^drogen  when  the  temperature  was  mitnA. 

Hiiidalaaff's  Law  of  Periodicity.  —  Aw/rding  U)  ifiiod^UiS 
V'*  Journal  de  la   8<k\  rijimiqu©  Uus-i*/*    lL\i\w  \.,   v  ^^^m  '' '^^ 


^H        fropftrtuM  cf  shnph  hodm,  the  constitution  of  their  comhinatlom,  as  well  q» 
^^^^  th€  properties  of  the  latter,  are  penodic  fituctiona  of  tht  atomic  weights  ^/^^ 
^^V  the  elementiJ'                                                                                              ^M 
^^^m     In  accordance  with  tliis  law  the  elements  are  arranged  in  the  orde^H 
^^^V  of  their  atomic  weight  aa  follow  a  : —                                                          ^| 

Ki' 

lat 
Group. 

2Dd 
Group. 

3rd 
Group, 

4  th 
Group. 

5th 
Group- 

eth 

Group. 

7th 
Group, 

Sth 

Group* 

m 

bVo 

Li=7 

C=12 

E.0, 

RH, 

Ro; 

RH 
F=19 

Mg=.24 
Ca=40  1 

AI=27 

?  E=44 

Si=28 
Ti=48 

P=3l 
V^51 

S=32 
Cr=62 

Cl==35 

Cii=fi3 

1 

(ru=63) 
Eb=86 

Zn=65 
Si=87 

?68 
Tt=£88 

P72 
Tr=90 

Ab=75 
Nb=94 

80=78 
Mo^96 

Bi=80 

P  100 

Ru=liM 

Rh=10J 
IM=lort 
Ai!:=m 

H 
H 

C6=133 

Ba=l37 

Di=138  (?) 

8n=n8 
Ce=HO 

Sb=l22 

Fe=125 

1=127 

Aiu=ifl9 

- 

■' 

Er=l78 

T.ii— 180  ? 

Ta^l82 

W=184 

f  190 

- 

(ltl9=Au) 

200  Hg 

Tls:20i 

Pb-^207 
Th— 231 

Bi— 208 

U=260 

- 

^m            The  chief  use  of  this  law  at  present  appears  to  be  in  predicting  the 
^H         discovery  of  new  metals  and  the  properties  of  their  compounds.    It 
^M        will  be  noticed  that  several  gaps  occur  in  this   classification,  which 
^^^K  gaps  Mendelee£f  considers  will  ho  iilled  either  bj  new  metals  or  b^ 
^^^m  the  corrected  atomic  weights  of  known  elements.    The  newlj  diaeoyere^ 
^m        metal,  Gallium  (/ee  page  434),  is,  accordiDg  to  Mendeleeff,  hia  efe*^ 
H         aluminium,  El,  Group  3,  Series  5,  At  Wt  =  68.  (Eeal  At,  Wt.  69- g^ 

^H             for  further  infotmation  on  this  subjeet  see —                                      ^M 
^M                    Mendelecfi^'s  Foundations  of  ChemistTy.                                     ^M 
^■^                    Liebig's  Annalen,  Supplement,  Band  viii,,  page  133  (1871),     ^M 
^^^m               "  Chemical  News."     December  24th,  1875.                                  * 
^^^^^^       '*  Quarterly  Journal  of  Science/'  No.  xlix*,    January,    18"^^^' 
^^^^P          Page  32  et  seq.                                                                          M 

^M           In  order  that  certain  elements  may  fit  into  those  places  whi^Scn 
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Mendeleeff  aasignsto  them,  he  proposes  the  following  chiuigOA  in  tho 
atomic  weights  of  certain  elements. 


Numbers  receiveJ. 

Numbers 

proposoi. 

Element 

Uemark*. 

AuWt, 

Oxide. 

At.  Wi. 

Oxide. 

SpiTifto   !»rrtt   nH    drtrr- 

Indium 

75 

InO 

113 

InA 

1 

iiiiui'«l  by  U\iniipu  mid 
bv  thi'  iiutlioroontlriiiii 
t)u»  obiuiKP. 
MM.    Kiuiirlxbiirff    niid 
ItoniMN*  niMM>pl  tlin  prii* 

Uranium    . . 

120 

U,0, 

240 

UO3 

pOHod    riuin^n. 

Cerium 

92 

CeO 
Ce,(), 

138 

Co,0, 
CtO, 

1 

Thd  npniflo  bont  iif 
roriuiit  MMMim  ronliriiin- 
l»ry. 

MM.     (MiYdrii.iiiii    mid 

Thoiinum . . 

116 

ThO 

232 

ThO, 

IMnroiiliiiiin  pmvltMiiily 
pnipfwd      tbn       mhiiV 
cbniign. 

M.  i^At^rt*  iiprf»]itn   tbiHid 
fiiiiinilir. 

Yttrium     .. 
Erbium     . . 

60 
141 

YO 
ErO 

90 
171 

Y,n, 

DiPor  La? 

92 

KO     . 

138 

i^a^^j 

From  tho  Ctumical  Ni-wb^  \)w.m\\wr  '21,  IH7ri. 
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Table  showing  the  Specific  Gravities  and  per 
solutions  of  Nitric  Anhydride  (NgO^)  ai 


Specific 
Gravity. 

HNO,— 63. 

N,0»=108. 

Specil 
j     Gravil 

1 

1-5000 

92-983 

79-700 

1-294 

1-4980 

92-053 

78-903 

1-288 

1-4960 

91-124 

78-106 

i       1-282 

1-4940 

90-194 

77-309 

!       1-276 

1-4910 

89-204 

76-512 

1       1-270 

1-4880 

88-834 

75-715 

1       1-264 

1-4850 

87-404 

74-918 

1-258 

1-4820 

86-4«4 

74121 

1-262 

1-4790 

85-545 

73-324 

1-246 

1-4760 

84-615 

72-527 

1-240 

1-4730 

83-680 

71-730 

1-234 

1-4700 

82-765 

70-933 

!       1-2-27 

1-4670 

81-825 

70-136 

1-221 

1-4640 

80-895 

69-339 

1-214 

1-4600 

79-966 

68-542 

i       1-208 

1-4670 

79-036 

67-745 

1-201 

1-4620 

78-106 

66-948 

I       1-195 

l-4o00 

77-181 

66-155 

!       1-1H9 

1-4160 

76-246 

65-354 

MS3 

1-4424 

75-316 

64-557 

1-177 

l-4;iS5 

74-386 

63-760 

1        1-170 

1-4;M6 

73-4.>7 

62-i)63 

1-164 

i-4;i0() 

72-;)27 

62-166 

1-158 

1-4269 

7ro.S7 

61-361) 

1-152 

1-422S 

70-667 

60-572 

l-llfl 

1-42  \\A\ 

70-000 

60  000 

1-140 

\-\\h\) 

60-737 

59 -7 75 

1-131 

1-4147 

6S-h07 

58-978 

1  - 1 2S' 

1-4107 

67-878 

5S-1S1 

1        1  122 

MOt;.') 

66-948 

57-3cS4       ! 

1-116; 

1-^023 

660 18 

i)Cii')^l 

1-1101 

l-:i978 

65-0!)0 

5.V700       1 
54-993        ' 

1-105 

1-;51>4  5 

64-i:)S 

I-IOK 

1-3-S2 

63-229 

64-196       1 

1-009; 

1-38:^3 

62-299 

53-399       ' 

1-093. 

1-3783 

61-360 

52-602 

1'0^7J 

1-37.V2 

60-4  39 

51-S05 

1-082: 

1-3(181 

5:)-.')79 

51  068       ' 

1076: 

1-3630 

58-.')  7  9 

50-211 

1-070J 

l-3;,79 

67-(i.')0 

49-414 

1-0651 

l-3.-,29 

56-720 

48-617 

1059; 

1-34  77 

5r)-7;)0       ' 

47-S20 

1-0.)  K 

1-3427 

54-S6(r     1 

4  7-023 

1-018.: 

1-3376 

r)3-i)  .0     1 

46-226       1 

1-0I3( 

1-3323 

53-000 

45-429 

1-037.: 

1-3270 

62069 

44-632       || 

1-03-2C 

1-3216 

61-141 

43-835 

1 -02^)7 

1-3163 

50-211 

43-038       ! 

1  0212 

1-3110 

^'a-i^v    \ 

V^-^IW      \ 

,       1-0159 

1-3056 

\      4ft-^bo 

\      \V\V\      ^ 

\.      V^\^ 

1-3001 

\      41-\H0 

\       \^-\V^ 

\  ^•'^^ 
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Table  II. 


Showing  the  Percentage  of  real  Sulphuric  Acid  (ILSO^)  corresponding  to 
various  Specific  Gravities  of  Aqueous  Sulphuric  Acid, 

Bineau ;  Otto.    Temp  15°. 


Specific 
Gravity. 

Per 
cent,  of 
11,80,. 

Specific 
Gravity. 

Per 
cent,  of 
H,S0,. 

Specific 
Gravity. 

Per 
cent  of 
H,S0,. 

Specific 
Gravity. 

Per 
cent  of 
H,S0,. 

1-8426 

100 

1-675 

75 

1-398 

60 

1-182 

26 

1-842 

99 

1-663 

74 

1-3886 

49 

1-174 

24 

1-8406 

98 

1-651 

73 

1-379 

48 

1167 

23 

1-840 

97 

1-639 

72 

1-370 

47 

1-159 

22 

1-8384 

96 

1-627 

71 

1-361 

46 

1-1516 

21 

1-8376 

95 

1-615 

70 

1-361 

46 

1144 

20 

1-8366 

94 

1-601 

69 

1-342 

44 

1-136 

19 

1-834 

93 

1-592 

08 

1-333 

43 

1-129 

18 

1-831 

92 

1-580 

67 

1-324 

42 

1-121 

17 

1-827 

91 

1-668 

66 

1-315 

41 

1-1136 

16 

1-822 

90 

1-567 

65 

1-306 

40 

1106 

15 

1-816 

89 

1-615 

64 

1-2976 

39 

1-098 

14 

1-809 

88 

1-534 

63 

1-289 

38 

1-091 

13 

1-802 

87 

1-523 

62 

1-281 

37 

1-083 

12 

1-794 

86 

1-512 

61 

1-272 

36 

1-0766 

11 

1-786 

85 

1-501 

60 

1-264 

35 

1068 

10 

1-777 

84 

1-490 

69 

1-256 

34 

1-061 

9 

1-767 

83 

1-480 

68 

1-2476 

33 

1-0536 

8 

1-766 

82 

1-469 

67 

1-239 

32 

1-0464 

7 

1-745 

81 

1-4586 

66 

1-231 

31 

1-039 

6 

1-734 

80 

1-448 

65 

1-223 

30 

1-032 

6 

1-722 

79 

1-438 

64 

1-215 

29 

10256 

4 

1-710 

78 

1-428 

63 

1-2066 

28 

1-019 

3 

1-698 

77 

1-418 

62 

1-198 

27 

1-013 

2 

1-686 

76 

1-408 

61 

1-190 

26 

10064 

I 

728 
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Table  III. 

Table  showing  the  percentage  quantities  of  Hydrochloric  Acidy  Sp,  Gr.  1*2, 
and  of  Hydrochloric  Add  Gas  contained  in  aqueous  solutions  of 
diferent  Specific  Gravities, 


Specific 

Acid  of 

Sp.  Gr. 

1-2. 

Hydrochloric 

Specific 

Acid  of 

Sp.  Gr. 

1-2. 

Hydrochloric 

Gravity. 

Acid  Gas. 

Gravity. 

Acid  Gas. 

1-2000 

100 

40-777 

1-0980 

49 

19-980 

M982 

99 

40-369 

10960 

48 

19-572 

1-1964 

98 

89-961 

10939 

4f 

19-165 

1-1946 

97 

39-554 

1-0919 

46 

18-757 

1-1928 

96 

39146 

1-0899 

45 

18-349 

1-1910 

95 

38-738 

10879 

44 

17-941 

1-1893 

94 

38  330 

1-0869 

43 

17-534 

1-1875 

93 

37923 

1-0838 

42 

17-126 

1-1867 

92 

37516 

1-0818 

41 

16-718 

1-1846 

91 

37-108 

1-0798 

40 

16-310 

1-1822 

90 

36-700 

1-0778 

39 

15-902 

1-1802 

89 

36-292 

1-0758 

38 

15-494 

11782 

88 

35-884 

1-0738 

37 

15-087 

11 762 

87 

35-476 

1-0718 

36 

14-679 

11741 

86 

35-068 

1-0697 

35 

14-271 

1-1721 

85 

34-660 

1-0677 

34 

13-863 

1-1701 

84 

34-262 

1-0657 

33 

13-094 

1-1681 

83 

33-845 

10637 

32 

12-597 

1-1661 

82 

33-437 

1-0617 

31 

12-300 

1-1041 

81 

33-029 

1-0597 

30 

11-903 

1-1620 

80 

82^621 

10577 

29 

11-50G 

1-1599 

79 

32-213 

1-0557 

28 

1M09 

Mr;78  B.r. 

78 

31-805 

10537 

27 

10-712 

1-1507 

77 

31-398 

1-0517 

26 

10-316 

11536 

76 

30-990 

1-052 

B.  P. 

10-200 

l-lolo 

75 

30-582 

1-0497 

25 

0-919 

1-1 494 

74 

30174 

1-0477 

24 

9-922 

1-1473 

73 

29-707 

1-0457 

23 

9120 

l-14o2 

72 

29359 

1-0437 

22 

8-729 

1-1431 

71 

28-9.51 

1-C417 

21 

8-332 

1-1410 

70 

28-544 

1-0397 

20 

7935 

1-1389 

69 

28-136 

1-0377 

19 

7-538 

1-13G9 

68 

27-728 

1-0357 

18 

7-141 

1-1349 

67 

27-321 

1  0337 

17 

6-745 

1-1328 

65 

26-913 

1-03  IS 

16 

G-348 

1-1308 

65 

20-508 

1-0388 

15 

6-951 

1-1287 

64 

26098 

1-0279 

14 

5-554 

1-12G7 

63 

25-690 

1-0259 

13 

5-158 

1-1247 

62 

25-282 

2-0239 

12 

4-762 

1-1226 

61 

24-874 

10220 

11 

4  -365 

1-1206 

60 

24-466 

1-0200 

10 

3-998 

1-1185 

59 

24-058 

1-0180 

9 

3-571 

1-1164 

68 

23-650 

1-0160 

8 

3-174 

11143 

67 

23-242 

1-0140 

7 

2-778 

M123 

66 

22-834 

1-0120 

6 

2-381 

11102 

65 

22-426 

1-0110 

6 

1-984 

M082 

64 

22-019 

1-0080 

4 

1-588 

1-1061 

63 

21-611 

1-0060 

3 

1-191 

1-1041 

62 

21-203 

1-0040 

2 

0-795 

1-1020 

61 

20-796 

10020 

1 

0-397 

1-1000 

60 

{      l.^'Z^'^ 

\\ 

\ 

\                    ^^ 
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Table  IV. 

Showing  the  Percentage  Amount  of  Ammonia  (NH3)  in  Aqueous  Solutions 
of  the  Gas  of  various  Specific  Gravities, 


Carius.    Temp. 

14°. 

Specific 

NH, 

Specific 

NH, 

Specific 

NH, 

Gravity. 

per  cent. 

Gravity. 

per  cent. 

Gravity. 

percent. 

0-8844 

36 

0-9133 

24 

0-9520 

12 

0-8864 

35 

0-9162 

23 

0-9556 

U 

0-888-5 

34 

0-9191 

22 

0-9593 

10 

0-8907 

33 

0-9221 

21 

0-9631 

9 

0-8929 

32 

0-92ol 

20 

0-9670 

8 

0-8963 

31 

0-9283 

19 

0-9709 

7 

0-8976 

30 

0-9314 

18 

0-9749 

6 

0-9001 

29 

0-9347 

17 

0-9790 

6 

0-9026 

28 

0-9380 

16 

0-9831 

4 

0-9052 

27 

0-9414 

15 

0-9873 

3 

0-9078 

26 

0-9449 

14 

0-9915 

2 

0-9106 

25 

0-9484 

13 

0-9959 

1 

Table  V. 


Showing  the  Percentage  Amount  of  Potash  (K^O)  in  Aqueous  Solutions  of 
various  Specific  Gravities, 

Tiinnermann)  N.  Tr.  xviii.,  2,  5.  Temp.  15*i 


Specific  Gravity. 

Per  Cent, 
of  K,0. 

Specific  Gravity. 

Per  Cent, 
of  K,0. 

1-3300 

28-290 

11437 

14146 

1-3131 

27-168 

1-1308 

13013 

1-2966 

26-027 

1-1182 

11-882 

1-2806 

24-895 

11059 

10-760 

1-2648 

23-764 

1-0938 

9-619 

1-2493 

22-632 

1-0819 

8-487 

1-2342 

21-500 

1-0703 

7-355 

1-2268 

20-936 

1-0589 

6-224 

1-2122 

19-803 

1-0478 

5-002 

11979 

18-671 

1-0369 

3-961 

M839 

17-540 

1-0260 

2-829 

11702 

16-408 

10153 

1-697 

11568 

15-277 

1-0060 

0-5658 

\ 

780 
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Tablb  VI. 
Percentage  Amount  of  Soda  (NojO)  in  Aqueous  Solutions  of 
various  Specific  Gravities. 
Tiinnermann. 


Specifio 

Per  cent. 

Specific 

Per  cent. 

Specific 

Per  cent. 

Specific 

Percent 

Gravity. 

of  NejO. 

Gravity. 

of  Na,0. 

Gravity. 

of  Na,0. 

Gravity. 

ofXa,0. 

1-4286 

30-220 

1-3198 

22-363 

1-2392 

16-110 

1-1042 

7-253 

1-4193 

29-616 

1-3143 

21-894 

1-2280 

14-600 

1-0948 

6-648 

1-4101 

29-011 

1-3125 

21-758 

1-2178 

13-901 

1-0865 

6044 

1-4011 

28-407 

1-3053 

21164 

1-2058 

13-297 

1-0764 

6-440 

1-3923 

27-802 

1-2982 

20-550 

1-1948 

12-692 

1-0675 

4-835 

1-3836 

27-200 

1-2912 

19-945 

11841 

12088 

1-0587 

4-231 

1-3751 

26-694 

1-2843 

19-341 

1-1734 

11-484 

1-0600 

3-626 

1-3668 

25-989 

l-i776 

18-730 

1-1630 

10-879 

1-0414 

3-022 

1-3586 

25-386 

1-2708 

18132 

1-1528 

10-276 

10330 

2-418 

1-3505 

24-780 

1-2642 

17-528 

1-1428 

9-670 

1-0246 

1-813 

1-3426 

24-176 

1-2578 

16-923 

1-1330 

9-066 

1-0163 

1-209 

1-3349 

23572 

1-2516 

16-379 

1-1233 

8-462 

1-0081 

0-604 

1-3273 

22-967 

1-2463 

15-714 

1-1137 

7-867 

1-0040 

0-302 

Table  VII. 

Proportion  of  Absolute  Alcohol  by  Weight  in  100  pa3*ts  of  Spirit,  of 

different  Specific  Gravities  at  60°  F. 

(Fownes.     Phil.  Trans.,  1847.) 


Alcohol 

Specific 

Alcohol      S 

pecific 

Alcohol 

Specific 

Alcohol 

8pwifie 

per  cent. 

Gravity. 

per  cent.     G 

ravity. 

per  cent. 

Gravity. 

per  cent. 

GT»Titr^ 

0-5 

l-OOOO 

25 

9652 

51 

•9160 

76 

■mi 

0 

0-9991 

26 

96;i8 

1       52 

•9L85 

77 

^S5^7 

1 

0-9981 

27 

9623 

53 

•9113 

78 

*sm 

2 

0-9965 

'       28 

9009 

54 

-9090 

79 

*mi 

3 

0-9947 

29 

9593 

55 

•9069 

SO 

-m^ 

4 

0-9930 

30 

9.378 

1       56 
'       57 

•90t7 

81 

m^ 

5 

0-9914 

31 

9560 

-9025 

82 

^84W 

6 

0-9898 

32 

9544 

58 

-9001 

83 

■Bm 

7 

0-9884 

33 

9528 

59 

•8979 

84 

■mi 

8 

0-98G9 

34 

9511 

1       60 

•8956 

85 

■8;i.ir 

9 

0  9855 

35 

9490 

!       61 

•8932 

85 

'!S.j:n 

10 

0-9841 

36 

9470 

;    62 

•8908 

S7 

■s;m»& 

11 

0-9828 

37 

9452 

1       63 

•8886 

8S 

^S'i'^ 

12 

0-9815 

38 

9434 

64 

•8863 

S9 

8'J''* 

13 

0-9802 

39 

9416 

1       65 

•8840 

90 

'S'2'^ 

14 

0-9789 

40 

9396 

1       66 

•8816 

91 

'8U^& 

15 

0-9778 

41 

9376 

67 

•8793 

92 

-81'? 

16 

0-9766 

42 

9356 

68 

-8769 

93 

.gl4J 

17 

0-9753 

43 

9335 

69 

•8745 

94 

■si^\ 

18 

0-9741 

44 

9314 

70 

•8721 

95 

■st*^ 

19 

0-9728 

1       45 

9292 

71 

•8696 

96 

■si>t; 

20 

0-9716 

46 

9270 

72 

-8672 

97 

■bo; 

21 

0-9704 

47 

9249 

73 

-8649 

98 

^8tH 

22 

0-9691 

48 

9228 

74 

-8625 

m 

'*^t 

23 

0-9678 

1       49 

9206 

75 

-8603 

lUQ 

■79^* 

24 

0-9665 

50 

9184 

In  this  Table  every  alternate  number  is  the  result  of  a  dif^^ 
synthetical  experiment ;  absolute  alcohol  and  distilled  water  hei^S 
weighed  out  in  t\iO  ^to\)Qt  \>\o^ot\\ow^^  and  mixed  by  agitation  ^ 
stoppered  bottles  *,  aitcx  a  la^^ci  oi  >()ax^^  ot  iovix  ^^a:^^^  ^sasJa.  ^^j.Qciiuf ^ 
was  brought  exaetVy  to  e>0^  ^\  ai[i^\>ctvi^^^^Y^vi.^^N\Vi  ^'^x.^Toi^^^'^^^^^ 
great  care. 
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Table  VIII. 

cific   Gmvitits  carr^spondmg  to  Di^rete  of  Baumd**  JTydromeUr  for 
Liquids  heavier  than  Water,     {  Waitr^VQWJ) 


igre^ 

Specific 

Degree* 

Specifio 

1  Degrees 

Specific 

Degrees 

Spodlic 

ium6. 

GraTity. 

Bauiii6. 

Gravity. 

Baunie. 

Gravity. 

Baum^. 

Grai-ity. 

t-OOD 

20 

1162 

40 

1*357 

60 

1-662 

I '007 

21 

1160 

i       *1 

1*309 

61 

1-670 

I'Oia 

22 

M69 

42 

1*382 

62 

1*689 

lO'iO 

23 

1*173 

43 

1*396 

63 

1-708 

1  027 

24 

M«8 

44 

1*407 

64 

1*727 

1  oa 

26 

M97 

45 

1*420 

66 

1*747 

IM>U 

26 

1-206 

46 

1*434 

66 

1*767 

l'H8 

27 

1'210 

47 

1*448 

67 

l-78« 

I'OdO 

28 

1-225 

48 

1*462 

68 

1*809 

l'0U3 

29 

l-23d 

49 

1*476 

69 

1*831 

10 

lOTO 

30 

1'215 

60 

1-490 

70 

1*864 

u 

1'07H 

31 

I '256 

61 

1-495 

71 

1*877 

12 

108.7 

32 

l'2tt7 

62 

1-O20 

72 

1*900 

.18 

1*094 

33 

1*277 

63       1 

1*636 

73 

1-924 

U 

MOl 

34 

1*288 

64 

l-5iil 

74 

1-949 

16 

MOJ> 

36 

vin 

66 

1-667 

75 

1*974 

te 

1-118 

36 

1*310 

66 

1*683     1 

76 

2000 

17 

1*126 

37 

1*321      i 

67 

1*600 

18 

M34 

as 

1*333 

68 

1*617 

19 

lua 

39 

1*346 

69 

1*634 

Specif  c  Gra&iiieson  Baume^e  Scale  for  Liquida  lighter  than  Waten 


hr 

Specific 

DegrecB 

Specific 

'  De-greeu 

Bpci'ific 

Degnes 

Specific 

E: 

Gravity. 

liuum6. 

Gravity. 

Bttume. 

Gravity. 

Bauin^v 

Gravity. 

f 

1000 

23 

0-018 

36 

0*849 

49 

0  789 

11 

O'l^ua 

24 

oyi3 

37 

0-844 

60 

0786 

12 

0  S>8(> 

26 

0U07 

38 

0  889 

61 

0*781 

13 

0-^80 

26 

0  yoi 

39 

0  834 

62 

0*777 

14 

0-973 

27 

0  SUB 

40 

0-8d0 

53 

0-773 

1^ 

0'9*J7 

28 

0*890 

41 

0  826 

64 

0-768 

10 

0  VOO 

29 

08»i6 

42 

0  820 

56 

0-764 

0  1)54 

30 

0-880 

43 

0*816 

66 

0^60 

18 

0  ^>4H 

31 

0-874 

44 

0*811 

6T 

0-767 

19 

0!M2 

32 

0-869 

46 

0*807 

68 

0-763 

fiO 

0*930 

33 

0-864 

46 

0-H02 

60 

0*749 

0-930 

34 

0869 

47 

0-798 

60 

0-746 

SI2 

0-924 

36 

0-864 

48 

0*794 

732 
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Table  IX. 

Degrees  on  TwaddelCs  Bydrometer,  and  the  corresponding  Specific 

Gravities. 

[Note. — The  degrees  of  Twaddell's  hydrometer   are  conTerted  into    their  cor 
responding  specific  gravities  by  multiplying  by  0*005^  and  adding  1*000.] 


Degrees 

Specific 

Degrees 

Specific 

Degrees 

Specific 

Twaddell. 

Gravity. 

TwaddeU. 

Gravity. 

TwaddeU. 

Grayity. 

1 

1006 

8 

1040 

16 

1075 

2 

1010 

9 

1-046 

16 

1-080 

3 

1016 

10 

1050 

17 

1085 

4 

1.020 

11 

1055 

18 

1090 

6 

1026 

12 

1-060 

19 

1-095 

6 

1030 

13 

1-065 

20 

MOO 

7 

1-036 

14 

1-070 

Table  X. 
English  Weights  and  Measures, — Avoirdupois, 


Grs. 

Drms. 

Ozs. 

lbs. 

Ore. 

Cwt. 

Tom. 

Grain  . . 

1 

Drachm 

27-84 

1 

Ounce.. 

437-5 

16 

1 

Pound..      .. 

7000 

256 

16 

1 

Quarter 

196000 

7168 

448 

28 

1 

Cwt 

784000 

28G72 

1792 

112 

4 

1 

Ton     . .     . . 

15680000 

573440 

35840 

2240 

80 

20 

1 

Trog  Weight. 

Grains. 

Dwts. 

Ounces. 

Grain 

Pennyweight     . .      . . 

Ounce * 

Pound 

1 

24 

480 

5760 

1 

20 

240 

1 
12 

1  cubic  inch  of  distilled  water  in  air  at  02°  F.  =  252-456  grains. 
1  cubic  inch  of  distilled  water  in  vacuo  at  62°  F.  =  252-722  grains. 
Cubic  inches. 

1  gallon  =  277-276  (100  c.i.  =  0-3606  gallon). 

1  pint  =     34-659 

1  fluid  ounce  =      1-7329 

1  litre  =     61-024 

I  cubic  centimetre  =:       0-061024 

1  cubic  inch  =  16  387  cubic  centimetres. 


{lor  comT^ar'xMn  of  French  and  EngVx^h  >ftev9>\,U^ %et  i^^e  xi<^.\ 
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Tablb  XI. 

To  deduce  Grammes  to  Grains, 
Log.  Grammes  +  1*188432  =  log.  Grains. 

To  Reduce  Cubic  Centimetres  to  Cubic  Inches, 
Log.  cubic  centimetres  +  (-2*7855007)  =  log.  Cubic  inches. 

To  Reduce  Millimetres  to  Inches. 
Log.  millimetres  +  (—2*5951663)  =  log.  inches. 

To  Convert  Grains  into  Grammes, 
Log.  grains  +  (—2*8115680)  =  log.  grammes. 

To  Convert  Cubic  Inches  into  Cubic  Centimetres. 
Log.  cubic  inches  +  1'2144993  =  log.  cubic  centimetres. 

To  Convert  Inches  into  Millimetres, 
Log.  inches  +  1*4048337  =  log.  millimetres. 


Table  XII. 

Xohle  of  the  corresponding  Heights  of  the  Barometer  in  Millimetres  and 

English  Inches. 


MUU- 

English 

MiUi- 

English 

Milli. 

English 

XDetres. 

inches. 

mi^tres. 

inches. 

metres. 

inches. 

720 

^ 

28-347 

739 

29095 

758 

29-843 

721 

= 

28-386 

740 

ss 

29-134 

759 

=: 

29-£82 

722 

= 

28-425 

741 

^ 

29-174 

760 

ss 

29-922 

723 

= 

28-466 

742 

^ 

29-213 

761 

ss 

29-961 

724 

s= 

28-504 

743 

= 

29-252 

762 

= 

30-000 

726 

ss 

28-543 

744 

= 

29-292 

763 

= 

30-039 

726 

s= 

28-683 

745 

sz: 

29-331 

764 

ss 

30079 

727 

^ 

28-622 

746 

ss 

29-370 

766 

^ 

30118 

728 

^ 

28-662 

747 

^ 

29-410 

766 

^ 

30158 

729 

^ 

28-701 

748 

^ 

29-449 

767 

ss: 

30-197 

730 

s= 

28-740 

749 

ss 

29-488 

768 

=: 

30-236 

731 

=s 

28-780 

750 

^ 

29-628 

769 

= 

30-276 

732 

s= 

28-819 

751 

^ 

29-567 

770 

= 

30-316 

733 

= 

28  858 

752 

= 

29-606 

771 

= 

30-356 

734 

= 

28-898 

753 

= 

29-645 

772 

s= 

30-394 

736 

s= 

28-937 

764 

^ 

29-685 

773 

^ 

30-433 

736 

-s 

28-976 

755 

zzz 

29-724 

774 

=s 

30-473 

737 

-— 

29-016 

756 

= 

29-764 

776 

= 

30-612 

738 

= 

29-055 

767 

= 

29-803 

734 


HANDBOOK  OF  ICODERN  CHEMI8TBT. 


Table  XIII. 


For  Converting  Degrees  of  the  Centigrade  Thermometer  into  Degrees  of 
Fahrenheit's  Scale. 


Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit 

-90« 

—130'' 

—60° 

-76* 

-30° 

—22° 

85 

121 

55 

67 

25 

13 

80 

112 

50 

68 

20 

4 

75 

103 

45 

49 

15 

+  5 

70 

94 

40 

40 

10 

14 

65 

85 

35 

31 

5 

23 

0» 

-f-32*' 

-flOO** 

+212° 

+200° 

+392° 

+  6 

41 

105 

221 

205 

401 

10 

50 

110 

230 

210 

410 

15 

69 

115 

239 

215 

419 

20 

68 

120 

248 

220 

428 

25 

77 

125 

257 

225 

437 

30 

86 

130 

266 

230 

446 

35 

95 

135 

275 

236 

455 

40 

104 

140 

284 

240 

464 

45 

113 

145 

293 

245   . 

473 

60 

122 

150 

302 

250 

482 

55 

i:u 

155 

311 

255 

401 

60 

140 

160 

320 

260 

5O0 

65 

149 

165 

329 

265 

509 

70 

158 

170 

338 

270 

518 

75 

167 

175 

347 

275 

527 

80 

176 

180 

356 

280 

536 

85 

185 

185 

365 

285 

545 

90 

194 

190 

374 

290 

6'>i 

95 

203 

195 

1 

383 

295 

1 

663 

rc. 

2 
3 
4 


1-8"  F. 
3-6 
5-4 
7-2 


To   Convert  F.  into  C.  degrees  and  C.  into  F.  degrees, 

i!Zi:|l><A=o-or(F.^-32)^l-8  =  C.' 
^'     ^  ^     +   32  =  F.^  ;  or  (0/   X   18)  +  32  =  F.° 
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Table  XIY. 

Table  of  the  Tension  of  Aqueous  Vapor  expressed  in  Inches  of  Mercury, 
at  32°  F.,  for  each  degree  F.  between  0°  and  100^ 


Temp. 

Inches  of 

Temp. 

Inches  of 

Temp. 

Inches  of 

Temp. 

Inches  of 

^'f: 

Mercury. 

op 

Mercury. 

cp 

Mercury. 

cj. 

Mercury. 

0 

0-0439 

26 

0-1395 

51 

0-3742 

76 

0-8964 

1 

00459 

27 

0-1457 

62 

0-3882 

77 

0-9266 

2 

00481 

28 

0-1522 

53 

0-4026 

78 

0-9577 

3 

00503 

29 

0-1589 

54 

0-4175 

79 

0-9898 

4 

00626 

30 

0-1660 

55 

0-4329 

80 

10227 

6 

0-0551 

31 

01733 

56 

0-4488 

81 

1-0566 

6 

00576 

32 

01810 

57 

0-4653 

82 

10915 

7 

0-0603 

33 

0-1883 

58 

0-4822 

83 

1-1274 

8 

00630 

34 

01969 

69 

0-4997 

84 

11643 

9 

0-0659 

35 

0-2038 

60 

0-5178 

85 

1-2023 

10 

0-0689 

36 

0-2119 

61 

0-5364 

86 

1-2413 

11 

0-0721 

37 

0-2204 

62 

0-5556 

87 

1-2815 

12 

0-0753 

38 

0-2291 

63 

0-5755 

88 

1-3228 

13 

0-0788 

39 

0-2381 

64 

0-5959 

89 

1-3652 

14 

00823 

40 

0-2475 

65 

0-6170 

90 

1-4088 

15 

00861 

41 

0-2571 

66 

0-6388 

91 

1-4637 

16 

00899 

42 

0-2672 

67 

0-6612 

92 

1-4998 

17 

00940 

43 

0-2775 

68 

0-6843 

93 

1-6471 

18 

0-0982 

44 

0-2882 

69 

0-7081 

94 

1-5958 

19 

01027 

45 

0-2993 

70 

0-7327 

95 

1-6467 

20 

0-1073 

46 

0-3108 

71 

0-7580 

96 

1-6971 

21 

0-1121 

47 

0-3226 

72 

0-7841 

97 

1-7498 

22 

01171 

48 

0-3349 

73 

0-8109 

98 

1-8039 

23 

0-1223 

49 

0-3476 

74 

0-8386 

99 

1-8595 

24 

0-1278 

60 

0-3607 

76 

0-8671 

100 

1-9170 

25 

01335 

This  Table  is  computed  from  Eegnault's  experiments,  and  is  taken 
ixMn  Dixon's  "  Treatise  on  Heat "  (page  257). 
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dt .    602,  672 

»  Bltunmio 601 

nio 601 

.......  602 

«atio 601 

uprio 601 
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bydric 600 
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ether 602 
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DIM 647 

Dltiile 673 
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nmiym«,  prepMmtion»  propertiea  231 

231-232 
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»  an,  what  it  ii  .  .  527 
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.600 

...  .627 

itnllh'  AJiIU  of  ...   601 
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Acid — foftiin  u^, 

acetoprapiotiio        * 608 

acrjlic      , 610 

adipic  ..........  618 

alloxanio  .*.,,,...  717 

alphatoluic 612 

ftlpkaxylic    . 612 

amido-aoetic      .......  694 

aniido-caproic   .....     604,  694 

amTlbydro-oxalic 606 

ancnoic 618 

angelic 610 

anhydrous  aulphuric  .     .     .     .     .160 

anitiio *     .     .  614 

anthraceoe  carboxylic    .     .     .     .617 
anthraquinone-diaulpbonio .     .    .  546 

antimotiic 391 

machidic      ........  507 

arfenic 398 

arsenioiia 396 

atrapic     .........  616 

behnnic    .....*.     .     .  597 

b«naftmidacetio      .     .     .     .    613,  717 

bensemo. 612 

benzoic    .......     633,  612 

,     — reactiong 629 

biaulphurotted  hypoflulplmric   .     .  ISO 
boric  or  boracic      ,,*..,   184 

bra«aic 610 

bromio      ...,.,..•    86 
broTuobensoiC    ....**•  613 

butykctio 606 

butyric     .......     602-603 

camphic 553 

camphoric 553 

capric 697 

Caproic     ....      603-604 

capryiic  697 

corbamic 673 

carbocresyiio 614 

carbohydroquinonic 616 

carbolic 571 

cnrbonic  .     .     .  100-102,  177,  606-607 

curminic 679 

cerolic 597 

cbenotaurochoUc 711 

cMorhydric 210 

chloric     .    /     • 82 

cMorubenzoic    .     .     .     .     .     .    ,613 

chlorocarbonio  .......  181 

ohlorochromic   .     .  ,     .  1i*iJ^ 

cbbro«\Upbu3dc .    .  -    -  '^*^**^ 

cHotouB -  ^^-:?:j;^ 

cboUo '  ""^^ 

cbromlc    ...     * 

B 
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Aoidf  chromio — continued, 
— &  powerful  QjttdiziDg  agent 

efmicio 


606 
678 

cinnamic 616 

citraconie 624 

citramAlic 621 

citramic 673 

citric 624 

— reactionf 628 

eollinic     ,     .     * 612 

tJonvolTnliooleio 608 

creftolifl 614 

crotonic   ,..*.....  610 

tumidic ,     .     ♦  624 

cumic *  612 

cumylic 612 

tyanif ,  preparation  of    ...     .  514 

cynjiunc 615 

damaluno 610 

damolic    ,     ,     , 610 

depblogiBticated  marine  .     .     *     .     70 

desoxaOo 62^ 

dialuric .     .     .717 

diamyloxalic     ...'....  605 

diboaic 253 

dibromacetic 602 

dichloracetio      . 602 

diehlor-anthracene-disulphomo.     *  5l5 

dletliacetic 602 

diojcyacetic   ........  609 

dioxyadipic  ........  621 

dioxv  benzoic 615 

dioxyprcfpionic 609 

dioxy  subline 621 

dioxyiuecinic      ..♦,..»  621 

disDlpho-dithionic  • 160 

dithioEie  .     .     * 159 

ditbionous 158 

doeglio 616 

elaidic      .........  610 

epihydric       ........  608 

emcic 610 

ethttcetic  . 602 

ethyl  erotonio     .     .     .    .     .     ,     .610 

etbylic 600 

ferriti  ...,.,♦..,  355 

ferricyanic 620 

— reactions 624  ^  630 

ferrocyanic 618 

— reactiona 523,  630 

fluoboric ,     .     • IS5 

formic 509 

fonuobenzoic 614 

ftilininic 5l«T 

fulniinuric 516 

fumaric 624 

g»i<3ic 610 

galHo 616 

— renctions .630 

gaUL'tannio ,  C3G 

gbit^uic   .........  621 

glyceri*^ tj09 

glycucbolk "1<J 


A  cid — «n » tin  %i«d^ 

glyoxalic 608 

glyoiylic 609 

Graham's  aulpbtino 154 

gniphici  or  grapbiiic 167 

bept jlio ,     ,  604 

hexylio .      603-604 

hippuric 613,  717-713 

— reactioTia 628 

homocumio  ........  612 

bjicnaaic,     . 597 

bydriodic 214-216,577 

hydrobromic  .....  213*214 
li7dr(X;bloric.  .  .  .  .  210-213, 653 
— table  ahowing  the  percentage 
quantitlea  of,  and  of  bydro* 
cblorio  acid  gas  contained  in 
aqueoui  Bolutions  of  different 
specific  grayitlefl.    ,    .    ,     .    .  728 

hydrocyanic 609-511 

estimation  of     ......  523 

— re&ctiuna 522 

bydrocoumanc 6U 

hydrofluoboric 185 

hydnotiuonc 216-217 

bydrofluotilido ,189 

bydro-nitropriisslo 521 

hydroparacoumaiic  .  ,  .  .  .  6H 
bydrosk^lraic-     .,..«».  L'2" 

hydrosulphuric 224 

hydi"08ulpbnrou8     ......  lo7 

hyoiholic.     *.......  711 

bypobromous     .     , S5 

hypocbloric iJl 

hypoeblorous 78-7^ 

hypogtciiD  »►...,,,.  610 
hyponjtric  (nitric  peroxide).     ,     .  UW 

bjporiitrou^.     .     « 10* 

— (nitrows  anhydride).  .  .  .  .108 
hypopbosp borons  .  .  ,  ,  .  .  IJI 
hypofliilpburic  (dithionic  odd)  ,  *  I** 
byposiilpliiiroua  ,  .  .  .  157-1^* 
—  (thiosulphuric  acid).     ....  1^ 

iodticetic fl03 

iodic ,    .    .    S^' 

isatropic ,61* 

ieopbthalic    .     .  .  62* 

isoiylidic-     .     .  .624 

itaconio 63i 

jalapinoleio .     .  6<[* 

kakodylio      ...  ,  ^ 

lactic .  W7 

— fermentation  .     ♦ 4W 

laurie ,.......,.  59]^ 

kucic ,     .    ,    ,  0 

lilbic 715-717 

fuolamic «     •    «  67* 

m 


malie .  . 
—  reat  tiona 
malontcr  . 
mandelic . 
manganic 
mar^aric  . 


628.e39 

.     .  604 
.    .210 
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626 

-reoctiona ♦     .  630 

QeliAaie 607 

uelUtiu  ,  '^/2.i-<J26 

Defttcmur:  .  624 

iie«iciic  .  .  .  624 

Desitao 5i19 

oxalif ,     621»717 

diiiDuthie  .     .  «  37d 

lifiQTithous     ,  .  374 

Btifnonio     .     .    ,     ,     ,    oL*l,  392 

•phoric      *.*.*.  134 

Kitnic 3«6 

oluic 637 

ungfitic      ....     .     ,     .  433 

•cetic ♦  SOi 

metbAcr)'lic  ........  610 

ftielhyltrotODic  , 610 

mcthylic ,     .  699 

,  in etox\  benzoic  .....  014 
noDobaairr  ,     ,     .  2o3 

noaobro  mace  tip  .     .     .602 

cbloracctk 602 

Dxv-acetic 607 

610 

678 

.......  210 

riJitic 697 

njTOnic 686 

"nitric.     ....     102,115419,246 

— action  of 12 

— Iwtfor.     . .460 

—-stable  ahowing  the  specific  gra- 

Tidea  imd  per centoge  tftrcngtba  of  726 
-^-^"jioic* 613 

ttiTouf    ...*...   109- no 

initrouf  anhydride)      ....  108 
wtric  peroxide) 110 

jiemylie     ....  .  697 

Vordbausea  snlphuriv  .  366 

ylic  .697 

h^lu  ,  604 

__        .V  .  610 

Oftliophosphork      .     .     -     .     .     .135 

orthoxybefizoic        614 

oamic  ...  ...  381 

03uUic  ,     ,     ,  ,     618-620 

ctiont 628 

.......  717 

673 

lipic* 621 

soic 614 

fetyiio    .....  605 

ated  mumtic  ,70 

ftlotiic:  .,....,.  621 

thylb^iizoic.  .     .     .     ,614 

Bnitio  ....     ...   70,  82 

.     ,     .  678 

ejrKo  ,  ...  616 

..-..,  621 

otnio 621 

tlylie  .  626 

.  605 
.604 


Acid— fwihnwfrf. 
pcLmb&nic.     .     .     .     ,     .     ,     ,     ,717 

pmnojcybeiUECilc 614 

panitaiUric 49 

pelargonio     ,.,.....  597 

petiUtb  ionic 160 

pcaiyiic  ...,.*...  603 
pi*rbrumic      ........     86 

pertblorio .     82-83 

periodic 90-91 

pemitrou8 108 

per!<iilphu-molybdio 409 

phonic  ,.....,..  571 
pbenoic    .....,,,.  612 

phenyl  benzoic 647 

pbenylic 671 

phenyl-bi(:tic 614 

phenyl-pmpioHc     , 616 

phlugi«iirAted  vitriolic  .  .  ♦  .148 
pbJonrlic  ...♦♦,.,,  614 

pbosphuric »    47 

— conversjoa  of  pliiwpborut  into  .  130 
pbo«pborouB  ,.*....*  132 

phlbaliij 624,  626 

phygetoleic    ........  610 

picric  .     » 678 

pimeliL^     . ,     .  618 

pime .    *    .    .  654 

polyb&sfc  . 263 

propionic  ,.,..».,.  602 

propylic 6^)2 

prou>hydr&te  of  aulphuiic    .     .     .151 

pm«eic 609-611 

pyrocatacbuic     ...*.,-  616 
pyrogallic      ........  677 

pyroQjellitic  ....•,.,  626 

pyrophoaplioric .  134 

pyroracomic 608 

pyrotartaric  ........  618 

pyroterebic   .     ,     .     .     .     .     .     .610 

pyruvic 608 

roccmic    . 49^  623 

ricinoleic .    ,     .     , 609 

roccliic 618 

rub^rytbric 683 

rutbemc    ....«...,  382 

ruiic 697 

ealicylie  .,.....*.  614 
Scb  eel  e%  preparation  of .  .  .  .  610 
sebacic      .........  618 

aelcabydrio 227 

selenio 163 

iepargylic 618 

silicic  . •  187 

iiUoo-flaonc.     .     .    .     .     .    .    .189 

tilico-formic,  or  leukon   .    .    .    «  190 

gorbic 61 1 

sUcnic 386 

•t4»fmc 604-606,  636 

alearolic    .........  611 

suberic     ....  ^A% 

duceinaxnic    .     .  ^"^J  J 

auccinic    ...  ..^^^nsr 
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Acid — tantinued, 

aulpbarseniDiis 398 

Bulptiidlc »     .  224 

Bulphocarboiiio  ,»*.♦..  182 

iulphocyanio 616 

^reactions 524,  630 

Biilpbcxiithiomc .     ,..,,,  159 

Bulphomolybdio 409 

Bulpbo-Biilphuric    .     ,     .     .     *     .168 
Bftlphuretted  hyposulpburlo  .     .     .159 
Bulphuric     ,'.,..     47t  151-157 
,  — iiction  of|  on  oxTsulpbo  saltB      .  274 
^tablo  sb owing  the  percentage  of 
real,  oorrfwpoiidmK    to    tutioub 
apeoiBc  graTidea  of  aquioous  buI- 
pburic  acid    .,.,,».  727 
BulphurouB     .,,.....  150 
— a  powerful  reducing  agent     ,     ,  60G 
— and    tulpburic     acids     in    tho 

air 103 

tannic 636 

— reactions 630 

tartaric 49,621-623 

— reactions 629 

tartronic 621 

t&urocbolic    .     ♦ 710 

telluric  ,.,..,...  165 
lerepbtbalio  ....      638,  647.  624 

tetrathionic ,   160 

tetroltic    , 611 

tetrylie 602-6C3 

tbiacetic 602 

tbionurio .  717 

tbiosulpburic 158 

tbymotic  . 614 

tbjmyl  carbonic 614 

tiunio 362 

taluio        612 

tribaaic     .     .     ♦ 263 

tribrnmicelic  ..,.,.»  602 
trie arhfllly lie  ..,»...  626 
trichloracetic     ,.....,  602 

trimellitic 626 

trioxy benzoic     .     ,     .     ,     ,     .     »  615 

trioxTC4irballylic 625 

trioBulpboditb  ionic  .  .  .  .  .160 
trisulphuretted  bypoaulpburic  ,     .  160 

tritbionie «     .  159 

tungitic 433 

uric     ......       715-717.719 

— reoctiona 628 

Taltiriaaic 603 

valeric 603 

Talero-lftctic .     .......  605 

-titrioUc 151 

xylic 612 

xylidic      .........  621 

xylilic 612 

Acid  albumen  ........  689 

anhydrides  or  oxides 693 

carbonate     . 309 

chioridnB,  bromides,  and  iodides    .  593 

derivatives 592-595 

peroxides  ,♦,.....  b'^^ 
sodic  aixlpbate "^^"^ 


A  cid — eon  timted. 

aulpbite 303 

Acids.     ......••..  202 

effect  of  elaatxcitr  upon  ....      7 

water  unit«B  witn  m&  ftnbydridfis 

to  form     . 205 

tjpes  of  different  .  .  .  .  .  S6i 
Bxaminatioa  for  .  ,  .  .  459-46S 
reactions    of   some    of  tb©   chief 

62a-630 

haloid  saltB  of  the m 

of  the  oxideA  of  pbospbonu .  .  .137 
diatomic,  amideB  of    .     .     .      672-C'3 

diboaic 696,617-624 

fatty,  *<upplement  to  the  .  .  631-630 
mineral  and  oiganic.  as  disin^Mii- 

ttnti ,493 

monatomlci  amides  of  ....  673 
monobaaio     .....  695,696-617 

organic 591-630 

— conetitution  of  the 6J*2 

— derivativea 59;i 

sulpbonic       ,....«..  539 

triatomic,  amides  of 673 

tribadc 696,625 

Acida,  action  of^  on — 

alkaloidB .  649 

bone  ...... 

bro  mates      .     . 

carbon , 

carbonates    ........  2?^ 

cellulin 6S3 

chloratea .  37* 

cbluridea 2M 

glucose 5ftl 

glycerin oTJ 

iodates    .  ,27^ 

iron  .     . 

lead .411 

manganic  oxides ^^ 

metallic  oxides .  24^ 

metals     ..... 

nitrates  ...  .  2?( 

nitric  acid  ........  U« 

nitric  peroxide      .     .     .     .     »    •  ^U 

organic  matter 

oxidf-a  of  nitrogen       .     ,     ,     .    .  III! 

phosphorus I* 

sails  in  soludoti    ...,,.     ^ 

silicates .     .  8W 

silver .  *1^ 

starch 587 

8UCr09l5    .........  6" 

8ii!phati»a 2<»8 

BulnbidoB 2<>i 

tin 3»^J 

Acidulous  waters  ...... 

Acid  urn  pbosphoricum  dilutum     .    .  13^ 

Aoonitine **J 

testa  for 67^  Jii 

Acrolein *5^J 

Acrylic  acid      ,     »     .      .     .     ,     .     .  6^J_ 

aldehyde -    <  ^**1 

iimA&^&cida  of  the .  .  .  .  009^1*1 
— ^^j^^fttf*  qH  >Civ^ 6*4| 
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n^ffinitj  measured  bj  the 
force  of     .....*..     Id 

ittraotioQ  between  disBimLlar  znole- 
ctilea    . I 

Dodifidi  cbemical  action .     *     .    .      8 
r  ^mes  to  solids 9 

Bpic  ttcid 618 

*  586 

lity  (cbeiaicAl) U19 

'dietSLtiiUon,  1 ;  uonditiona  neceasary 
Ibr  tho  exertion  uf  affiniiy,  2  ; 
phenoQiena  of  affinity^  2-4 ; 
cbanges  ia  the  eeasibie  proper* 
tiaif  2 ;  in  the  pbyuological  pro- 
pert  jes«  3  ;  in  the  physical  pro- 
ttes,  3 ;  oircumitances  influenc- 
chemicol  affinity,  4-14  j 
iyit:ition,4  ;  cohesion,  4 ;  elft»- 
dty,  7;  adhesion,  8  ;  influence 
of  mttBB  OF  (Quantity  on  affinity, 
10 ;  mechanical  force  may  modi- 
fy  chemical  action,  II ;  contact 
decooD position,  11 ;  indiience  of 
boat  and  cold,  12 ;  iadueoco  of 
light,  14  ;  influence  of  electri- 
city, 14;  induence  of  vitality, 
14 ;  degree,  force,  or  energv  of 
affinity,  14;  affinity  me'isured  by 
rof«rt-nce  to  the  specific  gravity 
of  bodies,  16^  by  the  force  of 
Adhesion,  15;  by  the  amount  of 
Ibree  required  to  effect  the  do- 
oomposition  of  a  compound,  16  ; 
by  the  time  of  comhiniition,  17  ; 
by  comhininx  proportions^  18 ; 
by     the     electrical     conditioni 

e,  amorphous  variety  of  silica    ,186 
I  of,  on — 

xedoils *  632 

-iron «     .     *  352 

-bad.     .........  411 

fulphides 263 

eight  of  the 96 

kaline 218 

herie  96-103 

ory 95 

.......     90 

ompoaition 97 

ooititwents  of  ,  07-103 

Llogiflticated     ,  .54 

' 64 

i  or  mephitio 177 

tic 224 

BmahlQ       .......  19] 

228 

.     64 

.54 

en  in  blood     ......  704 

.  688 

689 

buminate      , 689 

pnaiinoids  or  protoi'la      .     .     688-690 
'     lof  •  .690 

.709 
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Alcohol,  proportion  of  absolute,  by 
weight  in  100  parts  of  spirit  of 
dilfcrent  apociflo  gravities  at  60* 

F 730 

reactions ,    .     .  589 

an,  what  it  is    ..,.>,     .  626 

Acetification  of 64 

action  of,  on 

— chloraiea,  bromates  and  iodatas.  278 

chlorides 268 

—  nitrates 276 

— butylic.     .,..*.*,  629 

Alcohol,  dehydrogenatum    .     .     *     *  642 

Alcoholic  or  vinous  fermentation      *  484 

Alcohols,  The       .....      557-679 

relation  of,  to  the 

— haloid  ethers ,     -  667 

— oxy-ethers -  657 

— compound  ethers 567 

dihydrio 573-676 

—aldehydes  of 646 

— ethers  of 640 

bexbydric 678 

roercaptans  or  thio-    .     ,     ,     578-679 
monohydric  ......     558-672 

—ethers  of  .....     .     638-640 

totrahydric  .,,,*...  65fi 
trihydric.     ......     575-578 

— ethenof  ......     640-641 

supplementary     chapter     to    the 

6li0-590 

Aldehyde,  an 626 

green 666 

Aldehydes,  The 042-646 

reactions 643 

of  the  acetic  series      .     .     .     613-644 

of  the  acrylic  series 644 

of  the  benzoic  stries  .....  646 
of  the  dihvdrio  alcohols  *  ,  .  ,  646 
of  seriea  (CpH^     COH) ....  645 

Algaroth,  powder  of 392 

Alizarin      ....    645,546,677,679 

Alkalamide. 672 

Alkali  albumen 689 

Alkali,  volatile 218 

Alkalies,  action  ot,  on 

—alkaloids 650 

^motids ,     .  248 

— starch 687 

^ — ^sugar  , 682 

as  disinfectants 493 

organic — the  natural  alkaloid)  .  .648 
— deflnition,  history,  natural  his- 
tory, 648 ;  preparation,  648-649 ; 
properties,  649 ;  action  of  beat,  of 
light,  of  electricity,  of  solvents, 
649  ;  of  acids,  649-650  ;  of  alka- 
lies, of  haloids,  of  metallic  salta, 
of  nascent  oxygen,  650. 

nitrites  of  the 277 

Alkalies  and  slkaline  earths,  action 

of,  on  phoapkorua    .....  VL*^ 
and  alkaline  t^i\yoB&VA%>  asXism  cil^ 

on  sulphides "^^^ 

Alkalineaii ^^^ 
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288 
440 

2S,7 
207 


Alkalio© — ftwifin  M«l 

carboniLteSf  action  of,  on  organic 

matter 504 

©artliB,  metals  of  tbe  .     .     .      314-325 
hydrates,  &t:tii>D  of  the  fixed,  on 

orgaoit;  bodiea 603 

metalfl 288-313 

— cbaractera,  hiAtorj,  general  pro- 

pertiea »     .     .     . 

— reactioDflofthosfllta  oftlie  .  • 
nitrates  .-....»,, 
feUicates,  preparation  of  *     *     .     . 

waters 

Alkargen €68 

Alkarsin ,     ,  667 

Alkflloidfl,  tests  for  certain  of  the  674-676 
of  vegetable  origin .  .  .  .  65 1-6 53 
—tests      .......     674«(i76 

of  auimai  origin ,  654 

— tests G7G 

Qozuititution  of  the  ^    -  iVl-fioH 

Jlkntoin     .    .    *    .    .  ,  716 

AJlotropiam AO 

Alloys 249-251 

changes  in  the  sensible  and  physi- 
cal properiiea  of 260 

changes  in  the  chemical  properiiea  251 

Alloxan ,     .  716 

Alloxanic  acid 717 

Alltjxontin 716 

AllylKminu 661 

Allylbenzene 641 

Allylene 228»6;i6 

Allylit  alcohol 568 

ether ,  6a8 

Almonds^  artificial  oil  of    .    .    540^  £41 

Aiphatoltiio  add 612 

aldehyde 645 

AlphaxyHc  acid 612 

Alwm  (potaasic  aluminic  sulphate)     .  341 

cnke .341 

ehrome 343 

t>uncentrated.     .,,....  341 

gallium 434 

lion 343 

potash 343 

Eorrtan    .     .     ♦ 342 

Aliimina 340 

Alnminate,  tn&miio ,346 

Aliiimnic  acttate 601 

brotnide   , 340 

chloride 341 

etliide .     »     .     ,  070 

flnoride 341 

iodide 340 

oxide 340 

phosphates  ........  343 

iiliciites 343 

8\ilphate  .........  34 1 

— notassic 341 

sulphide 340 

Alntniminn, 339-343 

history,  natural  history,  prepara- 
tion, 339  ;  propetlicftj  3^^-M^. 
eompoimdsof ^i^-'iU 


Aluminium — eoniinmd* 

reactions  of  tht^fialtaof  .     .    «    .  416 

Amarine «*«    .  ({6S 

Amber 565 

Amothvst,  crystalline  variety  of  sili^  186 

AmirJoa,  The 218,  CTl 

Amides,  acid oiH 

Araido-acetic  acid li'iH 

A  mido- benzene     . <iijJ 

Amitio-caproic  acid     ....     ti  >i,    .l 

Amidogen .  jh 

Amido- toluene.     .....     .     .  6»U 

Amines,  The    ......     6o8-fiU 

properties  of, .  63 

Amraunia     ......  21S-i2l,aa 

synonyms,  history,  natural  his- 
tory, 218;  preparation,  2 18-2 Id; 
properties,  219-2-0, 
table  Bhowin^  the  percentage 
amount  ot,  in  aqueous  Sulutioui 
of  the  gas  of  various   specitie 

gravities 728 

portions  ut\  in  air lOi 

— in  ram  «  ater Jtfi 

conipotiLd 658 

njok'cute  of .    iS 

«>liition  of 2iO-i*'l 

ba8«rs  produced  by  the  action  of, 

on  the  tihloridi^s  of  pktiuum  4O(i-408 
action    of,    on   phusphurus   com- 
pounds.   ....,,.,  142 

type 4«J 

carbonate  of.  .  ,  ,  ,  ,  .  .  31* 
hydr<><4ulphttt'0  of  ♦  .  .  .  ,  ,  8U 
muritite  ut    .     ,     .  .  3U 

purpura te  of.     .     .  .  TU 

urate  of 719 

Ammonice  pho»phaa  .     ,     .     .     .    .  138 

Amnionic  acetate .  Wl 

bromide  ....  .  811 

carbonate  (normal)  ,311 

chloride   .     .     .     , 511 

— zincic .Hi 

chloride  type .46? 

oyanale .    •   *5* 

— preparation    ,     .     .     .     ...  It* 

cyanide 4U 

dithromi^to iSI 

hydrate .    ,  Sll 

hydric  sulpHde.    ......  XU 

iodide,     .....  .311 

ma^edc  phosphate  .3^ 

mtmte 313 

nitiiio. ITT 

pentasulphide   ,,..,..  lU 

platino-chloride 4W 

rhodic -chloride ,3^ 

sesqiiitiarbonato *  3U 

Bulpbocyanate ,  Wl 

snlphate .    .    .  31? 

AmmomdeSj  The  .♦,,...  3WJ 
Amnionio-pho^pbate  of  magneda .    -  7*" 
Ammonium,     ....     .221," 
compounds   of    the    hypothifU' 
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Ammonium — conimusd, 

bromide  of   ...  ' 85 

sulphide  of 311 

Amygdalin 12,586 

AmyiAuine 660 

Amylbenzene 538 

Amylene 533 

.   glycol 573 

Amylenic  ether 640 

Amylglycerin 575 

Amylhydro-oxalie  acid 605 

Amylio  acetate. 602 

aloohol 567 

ether 638 

Amyloses. 586-588 

Anesthetic,  nitrons  oxide  used  as  an   106 

Analysis,  organic 467-482 

notes  for  practical ....      437-462 

Ancboic  acid 618 

Aoethene 552 

Angelic  acid 610 

Anllesite 410,415 

Anhydride,  signification  of  the  term     21 

acetic 602 

arsenic 398 

arsenious 396 

auric 402 

benzoic 613 

boraoic 184 

oarbonic 177 

ehlorous 79-80 

ehromic 359 

hypochlonms 77-78 

indie 436 

manganic 327 

molybdio 408,409 

nitno 114-115 

— specific  gravities  and  percentage 
strengths  of  various  solutions  of  726 

nitrous 108-109,  246 

permanganic 327 

phosphoric 133 

phoephorouB •    •    .  132 

ruthenio 382 

•elenious 163 

alido 186 

sulphuric 150 

sulphurous  • 148 

Anhydrides 242 

aod 593 

Anhydrous    hydrooyanio  acid,  pre- 
paration of 510 

•ulphurio  acid 150 

Aniline 661,663-666 

origin  of  name,  synonyms,  663 ; 
oonstititution,  663-664 ;  proper- 
ties, 664-666 ;  uses,  665. 

tfests  fbr 676 

blue    ..........  665 

■  green  ...••••...  666 

l^irple     •• 665 

ltd      . 665 

.  yaDow 666 

Aidnal  ehemisfary      ....    688-728 
^ninal  fluids,  nuirieint  .    .    .     695-707 
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Ammtl— continued, 

solids  ...    . 691-695 

Anisic  acid 614 

aldehyde 645 

Annatto 678 

Anthracene 544*546 

preparation,  544  ;  properties.    544-546 

carboxylic  acid 617 

series 54S-546 

Anthracite,  or  steam  coal    ....  174 

Anthraquinone     ........  545 

Antiseptic,  an,  what  it  is    .    •    .     .  493 

Antimonates,  The 284 

Antimonio  acid 891 

—(antimonic  oxide) 890 

chloride  .........  892 

chlorosulphide 392 

oxide 890 

— hydrates  (acids)  of 391 

oxy-tri-chloride     ......  392 

sulphide 393 

Antimonious  antimoniate   .     .    •    .891 

bromide 889 

chloride 892 

hydride 389 

iodide 389 

oxide 890 

sulphiae 892 

Antimoniuretted  or  antimonetted  hy- 
drogen  889 

Antimonoso-antimonic  oxide  •    •     .  391 

Antimony 388-393 

history,  natural  history,  prepara- 
tion, properties,  used,  388. 

compounds  of 389 

— and  oyzgen 390-391 

— and  sulphur 392-393 

chlorides  of 391-392 

reaction  of  the  salts  of     ...    .  452 

ochre 891 

yermilion 893 

butter  of 392 

glass  of 393 

pentachloride  of 392 

pentasulphide  of 893 

terohloride  of 392 

tersulphide  or  sesquisulphide  of    .  392 

Antozone 63-64 

(hydrio  peroxide)  .......  209 

See  Ozone.  .     . 

Apocodeine 652 

Apomorphia 652 

Aqua  fortis  (nitric  acid| 115 

Aqueous  yapor,  determination  of      .    99 
table  of  the  tension  of,  expressed 

in  inches  of  meroury  ....  736 
power  of  carbon  of  absorbing    •  171 

Arabin 588-589 

Arachidic  acid 597 

Archil  and  Cudbear,  preparation  of 

677,  679 

Argentic  acetate 601 

bromide 420 

carbonate.    •»•.«.*«  VW 
ohloxidft  .    .    .    ,    ^    .    ^    •    %  ^V^ 
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Argentic — continued* 

chromnte 358 

cyamdo oil 

didxTomftt© *  S68 

fluoride ,     ,     .  418 

bypoflulpli&td    .-*,...  418 

iodide  *     , 418,  420 

metaphoipliate *    .418 

nitrate.    .    .    76,  378,  277,  418,  421 

nitrite 277 

oxide 418 

peroxide  .........  419 

pyTOphoepli&te 418 

tulphttte 420 

iuVphide 420 

Biilphite 273 

thiosulpbate  ....*...  418 

Argentoua  chloride ,419 

Glide 418 

Aricio 651 

Araioin  .     , 654 

A roro alio  aerie*.     -     .     .     .     .     537-641 

Anwnc^iloro-diinethide 668 

Arsciidimetbyl     .....     667-668 

Anen-moBO-methyl 667 

ArBeBete« 283-284 

deflnition,  properties,  283 ;    testa, 
283-284 ;  uses,  284. 

Ar«emo 896 

reactien»  of  the  salU  of  .    .    ,    .462 

■eid 398 

■nlivdride 3D8 

iiilphide 3^ 

terchloride  of 300 

teraiiJphide  of 398 

trihydrideof 395 

white 396 

eompounds  of 396 

— ind  hydrogen 396 

— and  sulphur 398 

Artenicum 3&4-4O0 

history,  natural  Eistory,  prepara- 
tion, properties,  uses,  394. 

Araenite,  ouprio 372 

ArHeuitea 284 

Arsenious  acid.     .......  39G 

— solubility  of  ..*..»     .  397 

anhydride .396 

bromide 400 

cMoride 399 

dihydride 396 

hydride 395 

iodide 400 

pentafluoride     .......  395 

eeaquisulpMde 398 

triiiuoride 39-5 

ArsenluTfitted  or  arsenetted  hydrogen  395 

Araine    .    , 39S 

Araines  . 666-667 

Artiada  or  evena 43 

Asparagin »    .  653 

*'  Ate,"  the  tenniDfttion 22 

Atmolyais 193 

Afimoiphere  «a  a  natui^  disinfec- 
tant   .    , va^ 


Atmospheric  air    .....     .  95-105 

Atomic  theory .     .     .   ^ 2i 

Atomic    wei^hiB,  relation  between, 

and  specific  g;ravity 36 

and  fipeciiic  heats  .     .     '     .     ,      .  ^^7 

Atoraicitiea,  table  of  .     ,  i- 

Atomieity  or  quanti faience      .     .     ,  3'i 

Atoms     . -5 

Atropine ,»«.......  ^4^| 

teetA  for   .     «     . 6||^| 

Attraction,  tible  of .17 

or  action^  chemicaL  .....  1 
Auratea,  the  .  .  .  .  -  .  -  .402 
Auric  anhydride  .......  403 

chloride ^^J^ 

cyanide  .........  ^M^| 

oxide '^2^1 

eulphide ^^^| 

Auroua  chloride 4(rillH 

ojtide 40t  ™ 

iulphide 403 

Anstrapyrolene    ....     ...  660 

Austraterebenthene 6*0 

AEolitmine .....     .     .     ♦    .  677 

A20tatea  (nitrates)     ......  271 

AjEOte  (nitrogen) ^3 

Aiotvl 106 

chloride  and  bithloride  of    .     ,     *  108 

biebloride  (chloro-nitric  ^4s)     •     ,  lit 

chloride  (nitrous  oxychloridtr)  .    .120 

Aznrlte 367 
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Balsams  ,,,...,...  655 

Baric  carbonate ZH 

chloride 316 

chremdte 35S 

dioxide      ♦......♦•  815 

dithionate 159 

hydrate ,    .     ,  316 

nitrate 273,316 

oxide .,..315 

peroxide 66,  3U 

selenate 369 

sulpbaie   .....      269,  273,  31fl 
sulphite 211 

Barium 314-316 

history,  natural  history,  314  ;  pre- 
paration, properties,  316. 

eompounda  of ,315 

— with  oxygen  and  hydroxy  1  ,  .  31^  j. 
oxy-ialta  .,...*..•  ^j^H 
reactions  of  the  salts  of  •    *    *    •  ^^1^1 

Barometer,  table  of  the  corrBspondlBg  ^H 
heights  of  the,  in  oilUm^trM  JH 
and  English  inches 711^1 

Baryta  (baric  oxide)  .     .     .    ,     .    .115 
caustic  (baric  hydrate)     .     .     .    .316 

tungstateof 371 

,    Bftsalt 343 

\  "^ftiA^  Wax%>£)icsck  ckl «. 68^, 
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TJLQU 

........ 2M 

product   1»7  tli0  ictum  ol  fttn- 
moniA  on  the  ehkrndet  of  pUti- 
nam      .......     406-408 

examisatkia  for      ....      440-458 

etfect  of  elasticity  tipoD  .     *     .     ,       8 

Bii&si>riii &S9 

Baume's  hydrometer^  specific  gnvi- 

ties  corresponding  to  degrees  of    731 

Bebezuc  add *    .  £97 

Benxaldchyde 64£ 

Basusamidaoetio  acid  .     ,     »     .    613, 717 

Benzamide '  .  072 

nEena 639-541,  64« 

pr^paratioiit  539-540 ;   properties^ 
540-541. 

zenes.  The 637^541 

r  prep&riitionf  537  ;  propertiei ,  53 7-539. 

axcnic  add 012 

serytheae  ..,,.*,.  540 
toio  aeid     ....<.     b'dSj  612 
— reactions   *  .     ,     .  029 

aldehyde  .     *  ...  645 

anhydride     .  ,     , 613 

chloride *     *  612 

oxide .613 

penuide  .    .     »    « 613 

aeries,  adds  of  the      .    .     .     6U-ti!3 

— aldehydes  of  the  .     .  645 

Benzol  {tfe  Ben r cue)  .     .  639 

Bensoline     .     »  .     .  663 

Berwonitrile  .     ,  678 

oyl  chloride  ....  612 

glycocoll 717 

eijxyl  Iwnzene 543 

ethylb+mzeue      .......  543 

metaxAienc   ...«..,.  543 

Y\cu9    *     . 543 

nine 661 

^lie  alcohol    .     .  ,     «  570 

d .     .  639 

eiher ...  638 

aeries  ........     669-572 

syltoluenc  *  .....  543 

erine     -     .  'i 

yllium    .     .  f'"' 

Btboratet  sodk  ...  .  MH 

Bicarbonate  «f  potash  291,  295 

"  304 

^  of  hydjtig«fi  .    ,    .    J     ,  539 
jofaxotjl 10^ 


[i.T«fmge  oompoitdon  per  i  ,uuu  piru  1 1  ii 

. 710 

em     ...  711 
ahin  .     .  7li 

ilTOTdin  .     «  711 

|JBin,"  ^  ieit  '  «^*T  th«  |tf€^t« 
'  theory  of  iftlfei    *    ,     r 
~  1  of  nitioaiu     •    •    -    *        tun 
•    .    .    .     171-375 

jnvperttm,  turn,  S7i* 


r40t 
Bismuth,  compounds  of— <s>nt in wi, 
— with  ox y^n  and  hydroxy  1     ST4-37& 

— and  chlanne ^  '^ 

'— aud  sulphur 

oxysalts  of * 

reactions  of  the  salta  of   .     .     .     .451 

sesquioxide  or  irioxido  of      .     ,     .  374 
tubuitrate  of      .......  277 

trichloride  of  ..,..«,  375 
Bijtmuthino.  «..,..,.  66T 
HLsiuuthio  oi>(ide    .     .     *     »     .     .     .374 

Bismuthous  hrooiido 373 

chloride  .......    374^  375 

fluoride 373 

iodide      .  .     .  373 

jutinte     .  37i|  375 

oxide  *..,..,.,.  874 
oxy bromide  .  ,  .  ,  .  .  .  .373 
oxyiodid«  ....  37* 

sulphate   ,  ,     ,     .     «  374 

sulphide  .  .     ,    374,  375 

Bintilphate  of  soda .301 

potoasic 295 

Bisulphite  of  soda 301 

Biiulphuret  or  bisulphide  of  carhon  .  l^% 
Bisulpburetted  hyp<wulphurio  add    .  160 
Bitai  troto,  putft^Mr     ......  297 

Bit'emi  th(3  mnllior  ruimt)!  orinvi  wutor     83 
Bixine    ...  (V?^ 

Blai  k  n«h     ,  302 

Bbidc  cotorini^  niulluis HHO 

Bk*a«ihing  p<jwiler.     ,     ,     ,     .     2H()|  322 
Bli?aohing  power  of  ohluriue    .     ,    75,  70 

Blood ;      095705 

composition  i     605;     oontlitutiuti, 

096-697 ;  properties,  697*700. 
liquor  saufpunis    ,...,.  fO) 

wiitcr  in 701 

albumftn^  fibrin^  fatty  inattun,  01* 
tractive  mattiT*  in  ....    .  704 

mineral  matters  in     .....  706 

average  eompositicm  [Hft  1 ,000  parU 
of  human  ........  694^ 

free  (abases  present  la  100  vols,  of, 
tnkMt]    (Vqm   the   earoiid   of  » 

1  K      »    . M 

annfiD  of  tito  .    .*.*...  699 
oOfTHMlii     ......     700^03 

AT«rB9«  oompotitiofl  of  1,000  parti 
off  AOd  of  liquor  sanguinis    .    •097 

orystali 70d 

Bloodstofia M 

Blue  eoJorioff  matters  §79  i 

Bob««iiaii  iUat     .......  S07  ' 

BoOiftf  powt  of   wtbir,  f tiiitionf 

m     i       t      *      »      »       t      t       t       »       *    I mw  ' 

Memm,  pfOptrUio  of (t99 

Atlioa  Of  tiaO,  of  wittr,  of  arfdi, 
of  IpbHaI  on    t  699  J 

]Son#-Mb      .    •    *  69la 

BooobUelt   .    .  mfC 

iMBi  Ofeflli  •  '  '^};i^ 

loil .^»«* 
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"Bones— -continued, 

of  diifereal  luimimak,  birdji,  fi»W, 

and  repttleSt  composidun  of   .     .691 

oompoaition  of  cextain  diaeafed  •    «  692 

Bonicic  aahjdrid©     ......  184 

waters     .........  207 

Borate,  magncaic 323 

Borates,  The 2t*6 

Bomit  (aodio  biborate)    ,     .     ,     .     .304 
Boric  or  boracic  acid      ,     .     -      184-IB6 
— ^preparstiOQ  and  nattiral  bUtory, 
184 ;  propertioa  .     ,     ,     ,      184-185 

bromide 18t 

cblorido 185 

ethide 6(19 

fluorifl© IH5 

niethide    . .669 

tiitridG 186 

^-preparation,  properties     .     •     .185 

aulpbide  .     .     .     , 185 

Borides 266 

Borac^ne,  a  ToUtHe  oil 653 

Boron 183*165 

history,  natural  bistory,  varictiea, 
183;  prepantion^  183-184  ;  pro- 
perties     *    .     ♦  184 

(amorphous) lSS-184 

(uryatallino) .  184 

Bojle*a  fuming  licjuor 311 

Brain  and  nerve  tissue  .     .    .     .    .695 

Braasic  aoid 610 

Braunlte S27 

BramUne 679 

Bread-making,    aleobolic    fermenta- 
tion in     .♦...-...  491 
Brewiugp  aleobolio  fermentation  in  ,  490 
Brimstone   .........  143 

Brine 207 

Broebantite 372 

Bromatea 278 

Bromic  add 86 

Bromide  of  silver 92 

aluminic 340 

ammomc  .........  31 1 

andmonions  *    • 389 

argentio 420 

arseoiouB 400 

biaiiiutbouB 373 

calcio 318 

cupric 370 

cuprous 370 

Lydric 213 

naagnesic.    , 324 

pliimbio  ...,..,..  412 

poiaaiic 293 

sodic 301 

Bromides 260-261 

definition,  natural  bistory,  prepa- 
ration, varieties,  properties,  260 ; 
testJi,  260-261 ;  estimation,  uses  261 

acid 593 

cyanio .     ,  514 

Bromine 83-86 

irynonyms,  83 ;  ln*toty ,  ^%  \  \a\mx^\. 
history ,  83;    pTe^«ta\icm,  ^; 


Bromine — conimued, 

properties,  84 ;  tests,  85 ;  uaeUp 
85. 
compounds  of,  and  ozyjeu  .    *   8£'B8 

— and  oblorine 8« 

— ^nitrogen  and V20 

— silicon  wdtb   ,,.....  11*9 
action  of,  on  orgiimo  bodies .     .     .  oO§ 

oxy-ajilta  of 279 

estimation  of  chlorine,  and  iodine 

in  an  organic  body 473 

Bromobeasoic  acid    .    .     .     «     .     .  6U 

Bromons  cbloride HG 

Bronze  powder 387 

Brown  colouring  matter      ....  680 

Brucia,  tests  for    . CIS 

Bruoine  ..........  653 

Burgos  lustre 403 

Burgundy  pitch    .......  5'>4 

Burnett's  dial  of  ecting  fluid.     ...33^ 

Butters,  metallic  .......  '2^7 

Butylactic  aoid 605 

Butylbenzeoe £33 

Butjlamine 600 

Butylene 228^WJ 

glycol 673 

Butylic  alcohol     ,     .     .     .629, 566 '567 

ether 63S 

Butyric  acid 6O2-608 

aldehyde 643 

fertneutation     .......  itS 

Butyrone W$, 


Cacodyl ,     ,     ,    .  MT 

Cadet's  fuming  liquid    .     .     .     .     .  667 

Cadmium «  37$ 

history,  natural  bi«tory,  propertiet* 

uses,  376;    compounds  of  oad* 

mium   with  oxygen,   with  the 

haloids,  and  with  sulphur,  376. 

reactions  of  the  salts  of  .     .     .    .  451 

Cadmia  chloride 37<( 

hydrate  .........  iT^t 

iodide.    * .17' 

oxide  .     , 37* 

sulphide S7« 

Cajsic  carbonate   .♦..♦..  309 

chloride 80? 

hydrate ,     ,     ,  300 

nitrate .    .  30» 

oxide ,     ....  800 

sulphate.     ..,....,  309 

— hydrio .     .    .1^ 

Ciesium  .....,.,..  *tlO 
compounds  of  csesitim  and  rubi* 
dium    ,,.,.,.,,  W* 

Caffeine «** 

testa  for  . «7« 

Cairngorm,  crystaliiiie  Tariety  of  si- 

lica 1» 

\   C&vi^utol W3 

\  ^^Miapfct  <^ffiitftra^     «    .    .    .    «   .  333 
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CalcareouB  waters 207 

Calcio  bromidd 318 

carbonate 318,  321 

chloride 318,  320 

difliiicide 318 

disulphide 318 

fluoride 318,320 

hydrate 319 

hypochlorite .     .  318 

hyposulphite 272 

iodide 318 

nitrate 318,321 

oxalate 818,  322 

oxide  . 319 

peiitasulphide 818 

peroxide 319 

phosphate 318, 322 

phosphide 318 

sulphate 318,  320 

sulphide 318,  320 

tbiueulphate 158,  318 

Galois  phoephas 136 

Calcium.    .......      317-322 

history,  natural  history,  317 ;  "pre- 
paration, 317,  ;il8. 

compounds  of 318 

— with     oxygen     and    hydroxyl 

318-319 
reactions  of  the  salts  of  ...    .  442 

Calendulin 588 

Calico-printing 681-682 

Calomel  (mercurious  chloride) .    .    .  424 

Camphic  acid 653 

Camphine  (Boston  turpentine)     .     .  549 

Camphd 653 

Camphor,  common    ....     652,  653 

Borneo 663 

Camphoric  add 553 

oude 653 

Camphors 552-553 

Candles 636-636 

Cannabin   •    • 664 

Caontchine 656 

Caoutchouc 656 

Cftpricacid 597 

Caproicacid 603-604 

alcohol 568 

aldehyde 643 

CtpryUcacid 697 

akohol 668 

Capeicijie 653 

Capsicum  resin 554 

Carbamicacid 673 

Carbamide 673 

Carhidea 266 

Carbimide  . -  .    .  673 

Carbinol 669,562 

Carbdioadd 571 

to  distinguish,  from  kreasote    .    .  671 

Cirbocresylio  acid 614 

Carbo-hyarates 680-590 

Carbp»hydioqmiionio  aoid  .    .    .    .615 

Cttboa..    .  .....      166-183 

BynoQym»    history,    natural   his- 
.    ,    vary,  J6d;  .yofietim,  166*167; 
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Carbon — continued. 

preparation,   167-168 ;    proper- 
ties, 168-176. 
compounds  of  carbon  and  oxygen  .  175 

and  the  haloids 180 

with  oxygen  and  the  haloids  181 

and  sulphur 182 

and  hydrogen 227 

— experimental  determination  of 
the  carbon,  hydrogen  and  oxygen 
in  an  organic  compound  not  con- 
taining nitrogen 469 

estimation  of  the  hydrogen  and 
carbon  in  a    body    coutaioing 

nitrogen 471 

chemistry    of     carbon     and     its 
compounds,  (Laurent's  definition 
of  organic  chemistry)      .     .     .  464 
Carbon,  a  grouping  agent  in  non- 

nitrogemzed  bodies 466 

daily  consumed  as  food,  and  daily 

evolved  as  carbonic  acid  ...  66 
consumed  per  hour  by  males  .  .  66 
action  of,  on  the  metals  ....  245 

of  gas  retorts 167,  168 

(amorphous) 167|  168 

atom  types 466 

or  carbonic  dioxide 177 

monoxide 175 

Carbonate,  add 809 

argentic 418 

baric 316 

csBsic 809 

caldc 318,321 

dicupric 367 

dipotassio 295 

ferrous 367 

hydrateddibadc 367 

hydric  sodic 304 

hthic 808 

magnedc 826 

manganous 880 

nickelous 386 

normal  ammonic 812 

plumbic 412 

potasdo 309 

sodic 302 

thallous 431 

zindo 333 

Carbonates 284-286 

definition,  284;    natural  history, 
284-286 ;    preparation,  proper- 
ties, tests,  uses,  285. 
alkaline,  action  of  on  organic  mat- 
ter       604 

cobaltons 384 

cupric 378 

double 287 

Carbonic  add 177,  606-607 

—estimation  of,  in  the  air  .  .  .100 
— ^proportions  of,  in  the  air  .  .  .101 
— ^produced  and  air   vitiated  per 

hour    ..,..,««« "SfiPL 
ai^ydxiAfi  ....    .    .    .    .    *    *VW 
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Citrbomjc  anhydride — continued. 
history,    177-178;  preparatioo, 
178;  properti©«,178*l»0;  teotB, 
180. 

chlotohromide 181 

ilibromidt) 181 

dichloride .  181 

— fljnoDyni,  biatorj,  preparation, 

properties 181 

disulphide 1S2-183 

— BynoTijms,  hietory,  preparatlua^ 
182;  properties,  182-183* 

monochloride 181 

— synonyma,  preparation,  proper- 
tiea,  ISL 

cmde .  175 

— tynonyms,  history ,  natuml  his- 
tory, 175  ;  preparalLon,  176-1  *  6 ; 
proper  tioB,  176-177- 
oxychioride       ,...,,.   181 
^yjjonynja,    181;      preparation, 
181-182;  properties,  182. 

oxysulphido 183 

— preparation,  properties     .     .    *  183 
subchioride  or  hexachloride      .     .181 

tetrabromide 181 

tetrachloride     .....     18D,  532 
— synonym,  history,   preparation, 

properties 180 

tribromide 181 

trichloride    .     .     .     *     .     *     .     .181 
— synonym,  hiitory,  preparation, 

properties.    « ISl 

Carhonyl  chloride 181 

Carhuretted  hydrogen    .     .    ,     228-230 

Carmine ,     , *     .  679 

Carjninic  acid  . 679 

Carrageenin ,688 

Carre's  ice-making  apparatus  .     .     .  21& 

Oarthamine •    .  678 

Oarrene 552 

Carrol 552 

Casein 486,  6«9 

Camel  green  (baaic  manganate)     .     .329 

Castile  soap 635 

Castorin 554 

CatalyBis,  a  new  force  assumed  by 

BenseliuB 489 

doctrine  of  . 12 

Celeaiine  (strontium)     ,     .     ,     .     .316 
CeHulin      ..,,...      683-684 
preparation,  properties,  683 ;   ac- 
tion of  miids,  684  ;  uses,  684. 

Cellulo-nitrin 684 

CeUulose    .     , 683 

Cements,  or  hydraulio  mortars     .     .319 
Centiro^tres,  to  redut'e  cubic,  to  eiibio 

inches 733 

Cerasin 589 

Cerium 346 

Cerotene 533, 558 

Cerotic  acid    . 697 

Certifle,  or  white  lead 415 

Ceirantite ^^\ 

Cery lie  alcohol ^^^ 


688.72|_ 


Cetene 5; 

Cetin ♦     .     ,     . 

Cetylic  alcohol 

Chalwdony,    amorphous   Tarietv   of 
siHoa  .     ,     ,     ,     .  .11 

Chalk .  3|j 

Chalk-stonoB 71$ 

Chalybeate  waters    ......  207 

Chm-eoal 172, 17i 

M  a  difinfeotxmt 

as  a  fuel 1T{ 

in  medicine .1 

animid 167,  168,  1! 

vegetable. 172 

wood 167,168,173 

Chemistry,  organic         .  .     .     -  4d3 

— deiinitiona  of ,  ...  463 

animal     .... 
Tegetable.    .     .    . 
Chenottturooholic  acid 

Cbesaylite .37! 

Chili  saltpetre  ....  ,301 

China  stone 3!«i 

Chinoline    ..,,,.,-.  <  i  J 

Chitin o5G 

Chloral .644 

Chloral  mn,     an     impnre     aluminic 

chloride 341 

Chlorate,  hydno   .......    SI 

potasBio    ......     11,56,297 

Chlorates  ~^^ 

Chloric  add     .....     ...    $1 

—synonyms,  history,  prepanaiioo, 
properties ........    W 

dioxide SI 

p«froxide  . .61 

^synonyms,  history,  preparation, 

properties SI 

of  aisotyl       ,,»....,  lOS 

Chlorhydric  acid 310 

Chloride  ol  hydrogen     ,     .     ,     .    .  210 
of  lime     .......     28(S  :^^' 

of  nitrogen  ......      Ml'-SJ" 

— hktory,  preparation     .     ,     .     .  W^ 

^proi)erties 119-1*^0 

ol  riitryl  (oitrylic  chloride)  *     .    .  lil 
of  silver  ...... 

acetic     .........  61>t 

acetyl     ,......,.««'■* 

alutninio      . ^^ 

m 


n    I 


—type  . 
— platino- 
— rhodic . 
autimonie 


4€7 
405 
380 
$91 


antimonioua      .     .  -  »* 

argentic .41* 

argentous      .......       41* 

arsemous .  3W 

auric .4(^5 

anrous      ,     .     ,     .     .  .401 

baric   , .318 

benzoic   ........*  ^l* 

y      Waovl  .     .     .     * 612 
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Chloride— eon^ffiiMtf. 

bismathouB 374,  375 

bromouB 86 

cadmic 376 

ceaio 809 

calcic 318,  324 

chromic 860 

ehromoos •    .  360 

coballio 334 

oobaltouB 834 

cuprio 370 

cuprous 369 

ferric 356 

ferrous 355 

gallium 434 

indio 338 

iridic 436 

iridious 436 

magnesic 324 

manganic 329 

mang^nous 329 

mercorious 424 

mercuric 425 

methenyl 532 

methylic 532 

methylene 532 

mdybdio 409 

molybdous 409 

nickelous 336 

nitr^lio 121 

oemic 381 

palladic 378 

palladious 378 

phosphoric 140, 506 

phosphorous 139 

pliudnio 406 

platinoQS 406 

plumbic 414 

potassic 292 

— ^pladno 405 

— rhodic 880 

rhodie 380 

ruthenic 382 

nithenious 382 

ttlicio 181 

■odjc 299 

— platinic 405 

—-rhodic 380 

rtaanio 387 

itanaons 386 

sn^hur 161 

solphuryl  hydroxy  1 162 

tbiOUo 431 

thallous 431 

thionyl 161 

uranous 337 

aindc 332 

—a  dehydrating  agent    ....  506 

— ammonic 332 

sirconio 347 

Chlorides 256-259 

definition,  natural    history,  256; 

preparation,  256-257;  varieties, 

257 ;  properties,  257-258 ;  tests, 

.    258;  mdmMion,  269 ;  uses,  259. 
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Chlorides — eatUinu^d. 

acid 593 

cyanogen 513 

Chlorine 70-77 

synonyms,  70;    history,  70;    na- 
tural history,  71 ;  preparation, 
71-72  ;  properties,  72-76  ;  esti- 
mation, 76;  uses,  76. 
compounds  of  copper  and    .     869-370 

—of  iodine  and 91 

— of  iron  and 855 

— of  lead  and 414 

—of  mercury  and  ....     424-427 
— of  molybdenum  and    ....  409 

— of  nitrogen  and 1 19 

—of  nitrogen,  oxygen  and  .      120-121 

— of  oxygen  and 76-77 

— of  platinum  and 406 

—of  selenium  and 164 

—of  silver  and      ....      419-420 

— of  sulphur  and 161 

—of  titanium  and 363 

See  Chlorides. 

estimation    of  chlorine,  bromine, 
and  iodine  in  an  organic  body    .  473 

oxysalU  of 279 

peroxide  of 81 

action  of,  on 

— alcohol 565 

— organic  bodies 504 

—oxides 244 

action  of  sulphurous  anhydride  on  149 

Chlorisatin 679 

Chlorite,  distinction  between  a,  and  a 

hypochlorite 281 

Chlorites 280 

—definition,  preparation,  properties  280 

Chlor-benzenos 540 

Chlorobenzoic  acid 613 

Chlorocarbonic  acid 181 

Chlorochromic  acid 360 

Chloroform 532-533 

Chloro-nitrio  gas 121 

— synonyms,  preparation, properties  121 
Chloro-nitrous  gas  (nitrous  oxychlo- 

ride) 120 

Chloropemitric  gas  (nitrylic  chloride)  121 

Chlorophyll 680 

Cbloropicrin 533 

Chloro-platinates 406 

Chlorosulphurio  acid 149 

Chlorosulphuric  oxide 162 

Chlorotoluene 539 

Ctilorous  acid 80-81 

— preparation,  80 ;  properties,  80-81. 

>    anhydride ;    79-80 

— history,  preparation,  properties  .    60 
Chlorozone  as  a  disinfectant    .    .    .  494 

Choke  damp 177 

Cholesterin 572,  721 

Cholic  acid 710 

Cholopbscin 711 

Chrome-iron-slate .  368 

Chondxm,  uWun&X)^   ^m'<K».>ctfm.  ^1 


no 
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Chromatei  argentic     ......  358 

bnriG    .     , ,     .     .  358 

lijdric  sodic  »..,.•..  358 

plmnbic    . 360, 415 

— ai  an  oxidking  agent   .  ,     .469 

potaAflic     . .  359 

sodic 358 

Chromates -^'^^ 

definition.  269  ;  te«ts,  270. 
Chrome,  orange     ,.,.,.,  360 

ydlow ,     *     .     ,  3G0 

Chromic  acid 3o0 

Chromium    .......    .367-361 

Mstorj,  357  ;  natural  history,  pre- 
paration |  properties,  353. 

oompounda  of 368-361 

reactions  of  the  aulta  of    .    ,    .    .446 

iluorideaof  . 360 

eefiquichloride  of     .*..*.  360 

■efiquioxidfj  of 35B 

Chromic  acid,  a  powerful  oxidixing 

agent 506 

anhydride 359 

chloride 360 

dioxide *     .     .  358 

nitrato      ...-,....  368 

oxide 358 

oxydjobloride 360 

aesquiBulpbidQ 361 

anlphato 361 

»ulpbide 358 

Chromoui  chloride     ......  300 

dichromic  tetroxide 358 

03cide    .....*.,.,  368 
Cbrysammic  acid  .......  678 

Chiymniline 066 

Chryeene.     .....       510,546.647 

Chryseon  or  silicone  ......  190 

ChryaoquinonB 647 

Chyle  and  lymph   .     .     .     .     .     706-706 

p^rceotage,  composition  of    .     .     ,  705 

Cinrhonic'ine     ........  661 

Cmchonidine .651 

Cinrhonin© ,651 

tmis  for    ....,,.,.  675 
Cinchovatine    ........  661 

Cinnabar 421 

Cinnamene 641 

Cinnamic  acid  ........  616 

alcohol 672 

aldehyde   .     . 645 

seriea,  adds  of  the .     .     .     .     .     ,616 

Citraconii;  acid .624 

Citramtilic  acid 621 

Citramic  acid     ,,.....,  673 

Citrfimide 673 

Citric  acid 626 

natural  hiitory,.  preparation,  pro- 

p*rtiea 626 

reactions 628 

Clay 343-346 

formation,   343-344;  composition, 
344  ;  proper! i PA.  344. 
Coagulation  of  the  blood      .     .     ?ift%-^^^ 
CoftJ X\%-X<K 


composition  of  yarioua  kinds  of  .     .  I7'i 

ash  of 173 

amount   of    sulphur    In    different 

varieties  of    . 17|. 

burning  of,   in    oloae  veasela  and 

in  ihp  open  ttre   .*,...  I 
anthracite  or  steam  toal  .     .     ,     .  17^ 
pruihtets  of  the  action  of  heat  OQ    .  i^l 
— lif  the  distillation  of     .     ,     .     .  498 

Coal-gaa 2^2 

coropodtion  of  .......  iSl 

Coal-tar  dyes   ......     eSS-We 

Cobalt n^^m 

history,   natural  history,  prepara- 
tion, properties   ....     .     . 

compoiinrls  of 33! 

reaction «  of  the  salt*  of  -     , 
protoxide  of  (cobaltous  oxide) 
seaquioxide  of  [cobaltic  oxide) 
Cobaltie  chloride  ..... 

nitrate      ....... 

oxide    ........ 

Cobalticyanogen ♦     .  51 

Coboltons  carbonates 3S4 

chloride SJ4 

cyanide fill 

nitrate .     ,     .  8J4 

oxide  ......     333»  IS4 

— hydrated  ..,.,.,  W4 

sulphate '"'^ 

Cobaltoeo-oohaltie  oxidf 
Coeaine  ...... 

Cochineal    .     .'   .     .  ,  iu"^ 

Codamiae   .....  .  w2 

Codeine Wt 

Coheaion,  attraction  between  similar 

molecules 1 

modifies  chemical  nelion .     .     .     .     4 

Cohesion  of  the  constituents  ...     & 

of  the  resultant     ......     5 

Coke 167, 1«8 

Colchicine .     .        ♦vii^ 

Cnlcothar   ........  ^o 4 

Cold,  inOuejice  of  heat  and,  on  atfinity    H 
Collidine     .,....,..  Wl 

Collinic  acid 6\% 

Collodion    .........  6M 

Colopheue 660 

Colophony  . 6M 

Coloring  matters ,     ,     .     .     ,      677- 6M 

— power  of  carbon  of  absorbing    .  171 

Combinatiao^  atomic  and  molecular    1^ 

molecular 33 

by  volume 38 

by  weight S7 

Combinin;^  proportions,  affinity  mea- 
sured by   .     . ll 

Combustion,   use  of  oxygen  as  an 

agent  of    .     «     , (ft 

temperatures  requisite  for     .     .     .  23S 
Conipound  radicals,  Liebig's  chem- 
istry of 17 

Compounds,  elements  and  •     .    .    .    8C 
,   CQUiiretfl 330 
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651,661 

UttA  for   ...     .  .674 

ConUcI  cWoiD^sitloQ  •     11 

^^"nvolnilinolen;  &cid  •  608 

...  .665 

pper    ,,.*...-      364-372 
Eietund  history*  3G4  ;  propiuation, 
364-366 ;  impnritms,  3Gtf  ;  pro- 
pmkti,  366  ;  usee,  36T* 
npotttidsof    ..,...•  3fl7 
—and  hydrogen     .*.,..  868 
—and  oVyit^n  .....      868-36d 
and  chlorine  .     ,     .     .     .     360-370 

I— mid  sulpbur 370-371 

Dupric  uxytalu 371-372 

tiona  uf  tha  flolta  of  .    .    .     .4^1 

yritea     .........  370 

onio-eulphitt«  of  ,     ,     .     .     .372 
t  phospbotes  of     ....     .  372 

fck  oxide  of 369 

ebloride  of .  S70 

moDoxide 36P 

pbosijhide  of 371 

•ubbromide  of 370 

laubthloride  of  .     .     *  869 

ilibiodide  of  .  ...  370 

Hide  or  red  oitidti  oi  .     .     .     .368 

tiphide  of  .......  370 

>of  ........  871 

rof    .....,.-  371 

356 

*  matter    ,  .     *     ,  6ft6 

...  662 

,  amoi  p)i n  na  v  a i  i»/t y  of  silica  1 86 

re  BuhliTTuite    ......  425 

blood 700-703 

—white 700 

1]     — ^red ..........  701 

I^K'— — obeniiattry.  of  the  constituent  s 
H  70U70a 

^■rimdiun 340 

^mm^  of  torUr    .......  207 

fmmA d72 

Cre^oUc  iicid 614 

•ylic  jklcobol £72 

fMht  tbe    .     , .85 

t  of  Mars 854 

raoid  .     «     .  .  610 

...  .644 

■^*?-© 228,  636 

U  701 

1011,  water  of    .     ...  206 

§hifi  nitre 304 

lt»eij,  pirpATfttion  of      .     .     677,  679 
)  (oieaityh^ne  of  coal  tar  oil)  .  537 

-^ 612 

fdtt      .     ,     .      .  .     .  045 

I  acid     .  .610 

I  acid    .  .  624 

Min»    .     .  «  662 

ftwfltc  tt^obol  ,  669 

.  612 

.  411 

Ipni   iuci  I  ,      .       ,   601 

mneniu*  2$4,  372 


Cupric — fontmued.  pa  as 

bromide  .     .  *.....  370 

carbonated   .  -'72 

chloride  .     .  370 

ferrooyimide 517 

hydrate 367 

iodide  370 

nitrate  ,     .     ,     ,     .  370 

oxide ..,,,...  36i> 
oxymlU  ....,,.     371-372 

pentasulfihide  . 371 

phoepbide    ........  871 

teltniide        367 

BTilphftte.     ........  371 

sulphide.     ........  371 

Cuprous  bromide ,  370 

chloride .369 

hydrate   . 367 

hydride 3C8 

iodide 370 

oxjde 308 

qiiadrantoxide   .......  368 

sulphide 370 

Cuprylic  aldehyde    ......  643 

Ciirciimine 679 

Currying,  mode  of     .....     .  637 

Cyamelide  . 615 

Cyanate,  ammonic .49 

Cyanatee,  preparation  of    .    .     .     .514 

Cyanic  acid .  514 

hromidee 514 

chloride  (gaaeoua,  liquid,  and  aolid)  513 

iodide 514 

Bnlphide  .........  514 

Cyanide,  ethyl    .......  532 

methyl .  632 

palladiout 379 

potaasic 293 

Cyanidea,   .......      512-SU 

preparation  of    metallic  cyanides^ 
512  ;  properties,  513  ;  uses,  613. 

double .      617-522 

Cyanine      .........  679 

Cyano-ethane .     .......  632 

Cyanogen 49,  608-509 

derivation,   historyi    natural   hid* 
tory,  preparation,  608;  proper- 
ties, 508-509. 
and  its  cotxi  pounds      .     .    *     508-524 
thloridos  of ..,...,.     49 
cyattid(*s,  chlorides,  and  hydrOJcidca 

of 511-516 

double  aalts  of 517-524 

and  hydroxylj  compoundi  of    .    .511 
Cyanomethane      .......  632 

Cyanurir  acid,  preparation  and  pto- 

pertiea ♦    ,  614 

Cyduniu  .     ,  S$$ 

Cymene  ^37,  MS 

Cymidine  ,     .  66t 

Cyrovlnmiim    .  b$\ 

Cystine.     .     .  \\% 

D. 

Damftluzic  lod 


^\% 
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Dummar  rcain 664 

Pftrtiolir.  acid 610 

Dun  id's  hygrometer 99 

Daturine 652 

Decaoe 628 

Decntylic  akohryl  .......  568 

Decay^  conditiom  necessary  for  ,     ,  4*»6 

Pecene   .     * 633 

Decine 536 

Decomposition  of  a  compoundt  affi- 
nity measured  by  the  amount  of 
force  rtqiiired  to  effect  the    ,     .     16 
Decomposition,  artificial     .     .      496-607 

contact 11 

Decone 536 

Delphinine  ...,..,,.  663 
Density  ot  hodie*  increased  by  affinity      3 

maximum,  of  water    .....  200 

Deodonster  .     .     * 493 

Bephlogisticated  nitrous  air     .     .     .104 

Deaoxaiic  acid  . 62<') 

Deutoxide  of  nitrogen    .     .     .     .     .106 

Deyitriiication 307 

Dextrin 688 

Dextro-glucoae ,  584 

Dextrose 584 

"  Di/'  »'tn/'  "tetrtt,"  etc.,  the  prefixes  22 
Diacetamide     ........  672 

Dittceienylbenzene     ......  647 

DiadeJpUic  or  methyl  type ,     .     .     .466 

condensed,  type 467 

Diallyl 636 

Dittliylftmine 661 

Dialuric  acid    .     *     ♦ 717 

Diamines    . 662 

Diammonic  diaulpbide 311 

sulphide  or  protosulphide     .     .    .311 
Diamond,  the  .     .     .   166,  167,  169,  172 

Diamylamiue 660 

Biamylene 633 

Dianiyloxalic  add 605 

Diantimonic  tetroxide 391 

Diarsenia  pentaaulphide      ....  399 

Diarsenioua  diaulphide 398 

Diaspora     .........  340 

Diastase      »     . 486 

Diatonuo  acids,  amides  of  .     .      672*673 

DiboMc  aeida 263 

Dihenxyl 543 

Dibenxyl  amine .661 

Dibismuthic  tetroxido 373 

Dibiamuthous  dioxide    .     .     .     ,     .374 

dieulphide    ........  375 

tetrathlorido 373 

Dibrom  acetic  acid 602 

Dibrom-ftnthra-quinono      ....  645 

Dibromide,  sulphury  1 162 

DibromobGnzene 640 

Dibutyl .  528 

Dibutylamine ........  660 

Diobloracetic  acid 602 

Dichlor-anlhrticeno   ......  646 

Diobloride,  carbonic ,     .     .     .     .     .181 

osmiouB ,     .     ,  "i^V 

«ulphiir  ,..,,*..*  ^^X 


Dichlonde — cwtinrnttL 

sulphury]     .... 
Dichlorides      .     .     . 

Dichlorobenzene 

Dichloromethane .  532 

Dichromate,  ammonic 968 

argentic 35fl 

potaseic .     ,     »  8ii9 

Dicupric  carbonate 3«T 

Ditymylamioe     .     .  .061 

Did'ymitmi  ....  ....  317 

Dktfa acetic  acid  .......  6iW 

Diethyl 6U 

Diethylamino  ...  .660 

Diethylbenzcne     .     .  .  5JT 

Diethyl  eiirbinol   .     .  ,  669 

Die'hylenic  glycol     .  .575 

Diethyl  ketone     .     .     .     , 
Diethyl  methylbeneene .     ,     , 
Dieihyl  phosphino    .... 
DiiFusiometer  of  Gniham    .     .     .     *  IM 
Digestion,  and  the  fluids  concemtil 

in  it 707-' 

Dihydric  alcohols,  aldehydes  of  the 
disulphide     ... 
selenide    ....  .  217 

sulphate  ....  .  1«1 

sulpBide 224 

tetrathionate     .......  lAO 

trithionate   ... 
Dihydiidc,  arscnious 

Diiodatc,  potass io 

Di manganic  hexachloride   .     .    .    .32? 

Diraetbylftmin© (S<»0 

Dimctbylanthracene oiJ 

Dinielhylbenz«nes     ......  WT 

Dimethyl  carbmol 6W 

ethyl  carbinol 6W 

isopropyl  carbinol .     .    .    .    i.    .  iS0 

lietone ,  610 

phenyiic  alcobol ,  66t 

phoaphine     ...  ,660 

prapyl  eurbino!      .     .  .     ,  6W 

Dinitrtde,  dititanio 381 

Dinitrol>enzcnG 640,  W 

Dinoxide,  nitrogen 100 

Diorite  , 3|3 

Dioxide,  baric 310 

chloric     .........    01 

chromic    .     ........  SOO 

dibiamuthous     .......  37^ 

hydric  (hydrio  perozidD] .    .     ,    .  2()0 

iridic .48^ 

manganio     .     .     .     •     •     .     .     *  3:24 

potassic 201 

Bodio   ..........  386 

Dioxides     .........  3*8 

Dioxyacetic  acid  .     ,     ,     .     . 
Dioxyadipic  acid  ..... 

Dioiy benzoic  acid    .... 

seriei,  acids  of  the      .     .     .     ,     .  01 

Dioxypropionic  acid 

Dioxysuberic  acid      • 
V   Dioxysuccinic  acid    .     -  . 

\  \i\^JaKa.-^\ 540, 
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•  547 
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.  407 
.  407 
.  407 
.  296 
.  294 
.  291 
.  293 
.  294 
.  294 
.  693 
.  537 
.  046 
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493 

tifeetion,  power  of,  of  cklorme  Ib^  76 
tic  hydrogen  phosphate    .     .     .281 

'Ation,  part^  decompoaitlon  of 
some  bodies  at  a  high  tempera- 

.......     13 

nic  tmulphido 386 

tioD,  procesjs  of  destrui  live    ,  468 
de,  calcic  .318 

Lie 182 

dUmmonic .     .  3U 

dibUmuthoiu    .......  375 

dihjdric  .     .  ,226 

dipotssaic      .  .  294 

ferric  ...  .  359 

pinolybdic 409 

Ipbo-dithionic  acid       .     .     .     .  IflO 

.  hm 

.  273 

»iioid      ....  159 

prepomtioii*  properties  WS 

lacid    . 158 

s  dinitridis     ......  362 

ehloridd 362 

kafluoridf) .362 

Itolyl .543 

'      "  .661 

.  528 
I  add     ...  610 

ite 287 

derito.     . .  343 

onine 679 

on*a  blood     ,     .    ,     .     ,     .     •  564 
rlDothoda,  examination  of  lab- 

I  by 437*439 

Itic  theory  of  aalta      ....  251 

...  578 

J  and  calico-printing      ,     G81-682 
,  eoal-tar  ......      605-666 


£. 

b»  coDstitueiitfl  of  the  solid  emit 
ofthe  ....*....    55 
ih^,  m^tdls  ot  the      .     ,     .      339-303 
'tbenwtiref  mAnataQture  of  common  346 


vxan 
Ebonite  ..........  556 

Elaidioacid 610 

Elasticity  modifies  chemical  action    .      7 
Elayl  (ethyloofl)        ......  229 

Elective  grayitation 1 

Electric  calamine 333 

Electrical  oonditioi^  afflmity  meaauTed 

bjrthe 19 

Electrical  properties  of  motols     .     .  240 
Electricity^  aotioo  of,  on 
— ^kaloida    ........  649 

— chloridoB 258 

— metallio  oxidea  .  i43 

— organic  bodies   .  jOO 

— phoephoriis    .......   126 


influence  of.  on  chemical  action 
Blectrolyais  of  water      *     , 
Elements  and  compoun44 
Elcooptcnu  .     ,     ,     ,     . 
Embolite     . 
Emeiy    .     . 
Emetin        .     .     . 
Emnlsin      .     ,     . 
Enamelling  glass . 
Epihydric  acid 
Epeom  salta     .     . 
Equation,  ohenticat 
Krbiam 
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14 
t96 
20 
;)'A 
U7 
i40 
r>5l 
486 
307 
608 
325 
23 
346 

EremaiMiUflis,  or  alow  oxidation  60»  4^'6-496 
conditions  ncoessary  for  decay .  .  495 
cirenmetances  influencing    .     .    .495 

Ergotin 554 

Erudc  acid 610 

Etaldehvde 044 

Etbacetic  acid  ....  662 

Ethal 558 

Ethane 228,526,628 

Ethi'hnethylbenxene 537 

Etbfjne  (ctholene).      ....     526, 533 

hydi'Oiyl 564 

Ether,  Bolubility  of  chlorides  in    .     .  258 

acetic 602 

Ethera,  The 638.641 

compound  ethers    ......  593 

haloid  cthen ^641 

sulpbo*  or  thio^ethera 641 

oxy-ethers     ......     638-641 

Ethers  of  monohydric  alcohols .  638-640 
of  dihydric  alcohoLi  .  .  .  *  *  640 
of  tribydric  alcohols .     .     .      640-641 

Etherene  (ethylene) 229 

Etberin  (ethylene) 229 

Etbine  (acetylene)     .     .     .231,  526,  636 

Ethyl,  nitrite  of 277 

ocetamide  ^j72 

nmylamine  <^(<1 

Ethylben^one    .     .  *>37 

benryl      ...  '>43 

Ethylcrotonic  acid     .     .     .         .     .  tjlO 

Ethyl  cyanide  ... 

diacetamide  .     .    . 

£th  yldimethTlbenzene 

Ethyl  meUayl  car\)mo\ 


532 
G72 


njpbt^uo ^    '^^^ 

phoapmoa '    ' 
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£tbjl — e&ntinuid* 

propyl  ketone 646 

Etlivl-iir«a .  G02 

Ethylflnuno 660 

Kthjlene,  or  heavy  carburetted  hy- 
drogen     229-230,633 

aynonyms,  liiatoty,  natural  history, 
229  ;  preparation,  229-230  ;  pro- 
pertiea,  230. 

diamino .  €62 

slycol      ....  -  673 

Bthylonic  ether    ,  .  640 

Bthylic  acetate    ,  .  G02 

add 600 

alcohol    ....     526,  S27,  664.666 

aldehyde. 644 

amylic  ether      ....  633 
huiylic  ether     .....  63S 

ether 526,  638 

hydride 628 

series 558-667 

Bulphjdrate  .....,.,  626 
Eucalyn,  an  luifermentahle  sugar  683, 685 

Euchlorine .83 

Event  or  artiads 4S 

Eveiitt's  white  salt   .     .     .     .     .     >  617 
ExamlnatioQ   of  Buhatances  by  dry 

mothoda 437-439 

Excrementitioua  products     .     ,     712-721 
£xcretin      .........  720 

Excretolic  acid ,     ,  720 

Eiploaiona,  theory  of  gunpowder.     .  207 

Extractive  matter  in  blood  ....  704 

— ^in  urine 718 


F. 

Eroces 720 

Fata  and  oils 631-63(5 

definition  r  natural  biatory,  prepara- 
tion, cloaaiflcatioti 6Jl 

eolid,  table  of    ,..,..     ,  633 
Fatty  acids,  aupplement  to  the.      631-638 

matters  in  blood .704 

Fecuia  (amidine) 586 

Fekpai   . 243 

Ferment  diaeaaea .  487 

Fermentation 483-492 

varietieaof 4S3-486 

eiaea  of    ... 12 

eonditions  necea»try  to  produce  486-4dS 
cirouroBtancos  influendng  .  488-489 
theoriei  to  account  for  .  .  480-490 
practical  applications  of  the  pro- 

ceiaea  of 400-402 

aoetoufl 486 

alcoholic  or  yinous 484 

butyxi© ,  486 

lactic  add     .....  484 

mucous  or  viacoua  .  ,485 

Feni  phosphaa      .     .  .136 

Ferric  acetate 601 

acid Stift 

chlorido .  ^^^ 


Ferric — eontinwd. 

cyanide    . "''U 

diaulphide     .     .     .     .     .     ♦     .    .  3JS 
ferrocyanide      .......  S21 

nitrate *    *  ZSt 

oxide  - 3*1 

phosphate     ... 

Bulpliate  .... 

Ferricyanic  odd    .    . 

reactiana .     «    .    . 

Ferricyanide,  potaasic 

Ferricyanidea,  teeta  for  the      ...  ^24 

Ferrooyanic  odd 613 

reactions  .  .  .  .  .  ,  •  62$,  630 
Ferrocyanide,  potoasio  .  .  ,  .  «  29S 
Ferrocyonidea,  te«ts  for  th©  ♦  ,  ,  M3 
Ferr^yanogen  or  ferricyanogea  *  .611 
Ferrous  acetate ^1 

carbonate .  48T 

ehloride ,     ,  34S 

cyanide v'U 

ferricyanide '17,  o2^i 

hydrio  phosphate   . 

iodide.     .... 

nitrate 

oxalate     .    *    .    . 

oxide 

sulphate  .......     :iGl\  '<io^ 

sulphide   .......     .15t},*19 

Fibrin     .....  .     .  6«t 

in  blood  ....  ,  7W 

Fibrinogen      ...  ,     .  ^ 

Fire  damp .    .  32S 

Fish  Bcalesi  compositioQ  of      .     .    .  6W 

Fixed  air iTi 

Flame 2Z%M 

varictiea,  233;  light,  234  ;  colflf  ,  JHW 
Flesh,  caropoaition  of  .  .  .  .  ,  <WJ 
Flint ;  amoiphoua  variety  of  iriHen  .  IM  \ 
Fluids,  nutnent  animal .     .     . 

digeilivo      .....< 

Fluoboric  acid 

Fluor  spar  (caldc  fluoride)      .     318,3 
Fluoric  radical     .     . 
Fluoric um  .... 
Fluoride  of  silver 

nluminic 

argentic  .     . 

bismuthous  . 

calcic       .     . 

hydrio 

jjlnmbic  .... 

]}Otassic 

ailicic 

titanic . 


zirconic  .... 
Fluorides    ....  2(iU 

definition,  natural  hLi^tory,  prepa- 
ration, 261 ;  pro^ertiea,  201* 
262 ;  tests,  estimation,  usea  «    <. 

ofchi-omium    . 

Fluorine 

synonyms,  Gii»;    history,  69;  < 
tural  history,  69;   prep 
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Fluorine — continued. 

compounds  of  silioon  with  .    .     .  1S9 

Flnosilicate,  potanio 293 

Force,  mechimicaly  may  modify  che- 
oiieal  action 11 

Tital,  influence  of  ao  called,  cm 

chemical  action 11 

Fonnate,  hydric 699 

Formic  add 699 

aldehyde 643 

Fonnooenzoic  acid 614 

Fonnonitrile 673 

FoormnUB,  chemical 23 

experimental  or  empirical    ...    44 

rational  or  theoretical     ....    44 

Fonnyle,  tercUoride  of 532 

Foller'a  earth 343 

Fulminate  of  mercury 616 

ofsilTer 616 

Fnhninatee,  double 616 

Fnlminio  acid 615 

Fulminuiic  add,  preparation  .    .    .616 
Fnmaiioadd 624 

seriea,  acids  of  the .  . .    .    .     623-624 

Forfurine 663 

Fnroaoe,  prindple  of  the  blast     .    .349 
Foael  oil 658 


G. 

Oiidolinite 346 

CkUmite,  a  zindo  aiuminate     .    .    .341 

Gtidic  add 610 

Galaetoee 683,585 

Qalena 410,416 

GanHrixmes 711 

OftUioadd 615 

•— natural  history,  preparation,  pro- 
perties   616 

— zeactions 630 

series,  adds  of  the 615 

ChOUnm 434 

history,   occurrence,   preparation, 
properties,    chloride,    sulphate, 

alum 434 

Qallotannic  add 636 

Otlyanio  current,  action  of  the,  on 

organic  bodies 507 

Gamboge 678 

Gas,  i£d  word  adopted  by  Van  Uel- 

mont 95 

chloro-nitric 121 

eoal 232,498 

— «ompontion  of 232 

•   inflammable 191 

marsh,  series 228 

■  "  228 

181 

nit 228 

Uauor 600 

tjivsstia 177 

CEtaaa,  lehfciTa  wei|^  of  compound 
aiid  ebaMBtaiy .    .  .    .    35 

power  ottMimfo  oithmhinif  .    .  171 
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Gases— coM/ifiiMtf. 
adhesion  of,  to  solids      ....      9 

solubility  of 202 

free,  in  urine 718-719 

Gastric  juice 708-709 

comporition  of  human,  per  1000 

parts 708 

Gelatin 694-695 

uses  of 605 

and  chondrin,  ultimate  compori- 
tion of     694 

"  Gen,"  the  termiuation     ....    30 

Gerhardt's  base 407 

German  dried  ycost 486 

Gibbrite 340 

Glass 306-308 

varieties  of 306 

enamdling,     coloring,    pdnting, 

etc 307-308 

Glauber's  salts 269, 301 

Glazing,  salt 846 

Globulin 701 

Globulins 089 

Glucinum 346 

Glucose 584 

left-handed 585 

Glucoses,  The 681-686 

Glucosidos 5H6 

Glue 695 

marine 550 

Glutanicacid 621 

Glyceric  acid COO 

Glycerin 570 

reactions 589 

series 575-577 

Glycerin  soap 035 

Glycocholic  acid 710 

Glycocin 002,  004,  710 

GlYCOCol 002,  604 

benzoyl 717 

Glycogen  or  animal  starch ....  5HH 

Glycollic  acid 607 

Glycols,  The 573-575 

aromatic 575 

Glycylic  ether 640-041 

Glycyrrhizin 580 

Glyozal 045 

Glyozalic  a<:id 60H,  009 

series,  acids  of  the 009 

Gneiss 343 

Gold 400.403 

history,  natural  hLitory,estraetion, 

400 ;  properties,  uses,  401. 
compounds  of ,  and  oxygen  .     401-402 

—and  chlorine 402*403 

— and  sulphur 403 

reactions  of  the  compounds  of  gold  403 

fulminating 402 

protochloride  of 402 

peroxide  or  sesqnioxide  of   .    ,    .  402 
suboxide  of  ...«,...     .  401 

X^MrmA/b  fA 4';2 

Graham's  sulphuric  add    ,    .    *     .  \hK 

diffmdmMEter YA 

Grains,  to  ciyntcil ,  inVy  ^vmwm     .  '^^ 
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Grammea^  to  reduce  to  gmns  .  .  .  7^'^ 
Oranite  »..,.♦•...  343 
Graplik  or  graphitic  icid    .     -     »     .  1<j7 

GraphUo 167,  168,  172 

Graritiition  modifies  chemical  actiaa      4 

electiTO  or  molecukr 1 

Green  colorlog  inalter  .     •     .     *     .  680 

Oreenockitse 376 

Oteenatono      ........  345 

Ouanijie     .     .     .    .     ,  .  664 

Qiiiacitm  reain  .»,...•  656 
Qunif  reaotipiiB  of     .     .     *     «     .    .  690 

leaiiLa 66a 

Ottma 688-dS9 

Gun-cotton 684 

prepamtioQ,  conatitutioQi  proper- 
ties.      684 

Gunpowder. 2»G-297 

compoeitioni  properties,  decoonpoai- 
tion ,    ,     ,  296 

theory  of  gunpowder  oxplodons     .  297 
Cutt&pertha   , 656 

nutuml  history,  compoaitioo,  pro- 
perties   556 

Gypaam      .,......,  318 


Hajmatein  .........  678 

Baimatin 703 

hydrochloride  .......   703 

Hirmatite   .........   354 

IIcDmato-crystaHin 702 

HsQinato-globiilin 702 

Haematoidin 702 

Hoemaloein 703 

HsBtnatoxylin  . 678 

HcDimn  cryatals 703 

Haemoglobin 66,    02 

preparation,  702  ;  properties,  702-703. 

Hair .  695 

Halogens,  or  haloid  elements  .     .    6d-92 
geueraUaation  on  the ,     .     .     .    91-92 
Haloid  adda^  action  of,  oin  organic 
matters     ........  503 

elements  ........    G9-92 

—estimation  of  tho,  in  on  organic 
body    .........  473 

— ^water  diBBolyea  the      .     ,    .     .  204 
— compounds    of  hydrogen    and 

the 210 

— action  of  the,  on  the  metals  .     .  245 

on  organic  bodies  ....  504 

ethers 641 

aaltfit  double     .     .     .     .     .     .     .287 

— of  the  acida 694 

Haloids,  general  review  of  the  com- 

poundji  of  hydrogen  and  the  .    .217 

compounds  of  carbon  and  the  .     .180 

^phoephorua  and  the      .     .      139-142 

^sulphur  and  the      .     .     .     .     .101 

— eilicon  and  the 188 

— iodium  Mid  the 1^^ 

ta  diaiufectoiits ^^^ 


Haloids — ctnt  inued, 
action  of  the,  on 
— alkaloids  .     . 
— ammonia  - 
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— oarboQ 
—ethylene  .     . 

— methane 

—phosphorus   .... 
— starch   ...,., 

Hard  and  soft  water     .     . 

HormaEne  ...... 

Harishoni,  spirit  of  . 

Hauanmnnite  ... 

Heat  may  promote  affinity 
may  dosti-oy  affinity  . 
modifies  chemical  action . 
action  of,  ou 

— acids 

—alkaloids ,  «49 

— bone ,    .  d9J 

— carbon ,     »    , 109 

— carbonatef ,M 

—chlorates,  bromates,  and  iodfttea  %'t 

— chloridea 251 

— fluorides  .  =  .261 

—glycerin    .  .  h'ti 

— iodides     .  .35* 

— metallic  oxides 241 

—nitrates     ........  3TS 

— nitric  acid     .     .  .  IIT 

— nitric  peroxide  .  .Ill 

^^-^)ils .m 

— organic  bodies    .  .    ,  4fl< 

—phosphates SWf 

— phosphorus W* 

— silicates    ........  JJS 

— starch  .     .  .    ,    ,  W7 

-sugar  ,     .  382,  58J.W4 

Iphatea ...  ^¥^ 


diain- 


— sulphides .     . 

— sulphur    .     . 

— fiulphurio  aold 

— -water  .     ,     . 
Heat    and    cold  as  natural 
fectanta    ..... 

— influence  of,  on  affinity     .     - 
Heated  (super-)  water  .     .     .     .    ,^^ 

Hepatic  air .  22* 

Heptane ,    .  5?* 

Heptylene •'♦^^ 

Heptylic  acid       ...  '' 

alcohol     .... 
Hesperidene    .     .     . 
Hetetxigeneous  affinity 
Hexahromide,  benzene 
Heiaohloride,  benxenc 

dimunganic  .     . 

dititjBLmc     , 

oamic      .     .     . 
Hexachloridos 
Hexachl  oroben  sone 
Hezafluoride,  dititonic 
Hexane.    .... 
Hexdttcane.     .     .     . 


i 


DrSEX. 


761 


p\a8 

h3 

...  658 
613,  717*718 
Is ;  properties,  718. 

C2S 

boms   .  M2 


leter  .... 
ron  reaifl .  .  . 
rdro/'  the  prefix 


lonate 333 

umteB  witii  b&ses  to 

205 

llzed  altnlinCt  on  or- 


f  .     .     .  82 

■Dperoxk^  209 

Kaio  2^1,  309 

r .     ,  .     .  2H5 

78 

...  -214 

^hate    -  ^-y 

I.     -     .  134 

115 

.     ,  82 

...  2ir./,210 

hittoryt  preparation, 

'      20SJ-210;  test*, 


11 

•I'm 

135 
134 
295 


iixjdIsiilC  fij^f-nt 


lit*' 

ififi|f  agent  . 


PAOB 
Hjdric,  potsariti— »eiMifttitM'jf. 

—tartrate .  297 

sodio  amnionic  phosphftte  .  .  .281 
— earbon&to.  ,.*..,.  304 
— ^chrom"*'^  358 

— pho-  30'5 

—  aulpii  302 

— sulphate    ....  301 

Hydride  of  ethyl  .     .  .  528 

of  metbjl     ,    ,  .     .  5'Hj 

antimoaioufl  .     .  ,     .  1^80 

antemous  .  .     .  395 

cuprous    .  .     ,  368 

methylic.  .     ,  223 

phcnylic  .....  53D 

ailicic  .     .     .     .     .     ,  -  23.5 

Hydriodic  acid     .......  577 

(anhydrous) 214-210 

— «Tiionym,  214 ;  hiitory,  prepam* 
tlon,  216;  properties,  216-21G. 

(Aolution) 21$ 

HydrobroDiic  acid  (aahydrouB).     213-211 
— flynonyiD.,    history,    213 ;     pre- 
paratioo,    213-214  ;   properties 
214. 
(solutioo)     .     .  .     .  2U 

Hydrocarbone,  th©  526-566 

series  of 527 

Hydrochloric       acid       (anhydroiw) 

210-211,  553 
— ^iynonyma,  hiitory,  210;  natural 
history,    210-211 ;    preparatioR^ 
properties,  210. 
(solution)      ......      211-212 

—preparation,  211;  prop«rtiea  211-212 

impuritiea 212 

preparatioD  of  pure 213 

decomposes  nitno  acid     ,     .     .     .117 
table     showing     the     percentigo 
quantities    of,    and    of    hydro- 
chloric   acid  gsfl  contained    in 
aqueouii  solutions    of   different 
specliic  grnvitiea      .....  728 
Hydrochloride,  hccnyitin      ....  703 
Hydroeoomaik  acid  .     .  CU 

Hydrocya&ic  aeid .  .     50D-5L1 

history,  natural  hisioiy,  <>\>'j;  pre- 
parntion,  600-610;  properties, 
610-511. 

estimation  of 622 

reactions 622 

Hydrofluoboric  acid 185 

Uydrotluoric  «cid  (anhydrous)      .     «  216 

—  Bj-noaym,  history,  properties      .  216 
(fiolution).     ......      210.217 

—  prcpftrution,  216;  properties, 
:ilU-217  ;  testa,  217. 

HydroftuosiLitic  acid 189 

Hydrogen 191-235 

synonym?,  history,  natural  history^ 
101 ;  preparation,  V^VA^I-,  "^to- 
perties,  l^'ii-1^5- 
combinaUoiwi  oi  cYiVorwa  vf\.v\i  .     •    ^^^^ 
compounds  Cfl,Kt\d<jax\yiTv     -     -    /_  ^i*^.^ 
— andeopB^r "iW^^^ 


^H                                                                                            TAOB 

^^^^^^^fI^H 

^K           Hydrogen,  compouodfl  of—ctmtmwi. 

Hydrosulphario  aoid  *....,  ^^| 

^^^H          — and  the  haloid  elements   .     .     .210 

HydrOBUlphurotLS  acid    .                    .  t^H 

^^H review  of 217 

Hydrosulphyl ...                         .  3^H 

^^H          —and  nitrogen      .     .     .     .     ^     .217 

Hydiotrichloride,  ailici                      '  ^^| 

^^^H          — andozygea   .......  195 

Hydroxide,  a  .    .     .                        .  3^H 

^^^1          ^with  phosphorus 221 

^^^H          — ttzidsiliooa    ...                    .  23d 

Hydroxyl   ....                         .  S^H 
compounds  of  hariom  wilU  oxygen   ^H 

^^^^1          — and  sulphur  ...                    .  221 
^^^^1           eBtimatton   of  tho   hyarogeii   and 

and 3^^| 

^-of  calcium  with  oxygen  and      .  3^H 

^^^^B              taibon  in  n,  bodjr  containing  m< 

— of  cyanogen  and ^^| 

^^^H             trogen  .........  471 

— of  potassium  and  oxygen  and  ^H 

^^^H          eitperimental  doterminatlon  of  the 

291,  iM 

^^^H              carbon r  hydrogen  and  oxjgtDf  of 

— of  fiodium  with  oxygen  and  .    «  ^^| 

^^^H              an  organic  compound  not  eon- 

—of  sulphur  with  oxygen  and  .    *  ^^H 

^^^H               tjuning  nitrogen 469 

Hydroxyl  eUieae ^^| 

^^^^H          action  ot  car b on  on 170 

Hydrox^'m  ethane ^^^| 

^^^H          — on  the  metals 2i5 

Hyienasic  acid ^!^| 

^^^H          ^nascent,  on  organic  bodies    .     .  £06 
^^^H          —  —on  the  oxides 244 

Hygrometers    .                               .     ,  J^| 

Hyocholic  acid                                   .  H^l 

^^^1          Uquefnction  and  soHdi^oation  of, 

Hyoscyamine  .                                    .  Ol^l 

^^m             byPictet 733 

1    "Hyper,*' the  pn-lijt.                         ,11 

^^^H^^  molecule 46 

"  Hypo,"  tho  prefix  .                         .    2^ 

^^^^^^H  inonosulpliido 224 

Hypobromoua  add                              .    ^^M 

^^^^^^K  n^trnto 

Hypochloric  acid  .     .                         .    ^^M 

^^^^^^■^  tijTopboppbatD 134 

^^^^V           Dicrii'burL't  of 639 

Hypochlorite,  calcic  ....  ^!^| 

Hypochlorites  .....                   'Jj^l 

^^^^H          metbauo,  or  light  carburetted  .     ,  22 S 

deiinition,  preparation      .     .      -"^^'^^^1 

^^^H           ethylene,  or  heaTjcarburetted.     .229 

Hypochloroua  acid 7^-S|^| 

^^^■^^  chloride  of    ........  210 

—synonym,  78 ;   preparation,  78  *,    ^H 

^^^^^^K pL roxido  of  (hydrio  peroxide)    .    .200 

properties,  78-79.                          ^H 

^^^^^■persulphideof 226 

anhydride 7^^H 

^^^^^^"   gaflooua  phosphorcttcd     .     .     221-223 

—preparation,  77;  properties  77.      ^^ 

^^^H          — flynooymB,  221 ;  natural  history y 

Hyponitric  acid  (nitric  peroxide)  ,    ,  ItO 

^^^H               preparation,     222;      properties. 

Hypoiiitrites 27* 

^^^H               222-223. 

nyponitroua  acid  .     . 

^^^1           liquid  pbosphorcttcd  .....  223 

(nitrous  anhydride) 

^^^^B           — preparatioQ,  properties,  223. 

Hypogreic  acid     .,..,*.  fiK* 
Hypophosphites    .......  3S3     1 

definition,  preparation,  properties    282      ■ 

^^^H           solid  phoFphoretted     .     ,     .     .     .  223 

^^^H           -^preporaiioni  propeitiea,  223. 

^^^H          lelenett^d 227 

used  in  medicine 132 

^^^H           seleniurctted    .......  227 

Hypophosphorous  acid  .     .     .      131-132 

^^^^^H          — ^synonyms,  historyi  propamtiont 

preparation,  131 ;    propertiet,    131-113 

^^^H              properties,  227. 

^^^H           Bulphuretted     .....      224-226 

Hyposulphatc,  argentic  ,     ,    .     .    *  4H 

Hyposulphatos ♦  273 

^^^H          — ^onytn§,  history,  natural  hia- 

de&iitioQ,  preparation,  273;  pro- 

^^^H              tory,  221 ;  preparation,  224-225 ; 

perties,  273-274* 

^^^H               properties,  22i)-22G  ;  uses,  tests, 

nypoBulphito  ........  158 

^^^H           — action  of,  on  sulphides.     .     .     .  2G4 

Hyposulphites  or  hydros ulphites  .    .  JTI 

^^^g          persulphuretted      ....     226-227  ' 

Hyposulphuric  a«id  {dithiouic  acid)  .  1*^^ 

^                 - — synonym?,  history,  preparation, 

Hyposulphurous  JMjid     .     .     .      UJAU 

^1                      22G;  properties,  226-227. 

— ^synonym,  history,  157;  prepora- 

^M             Hydrogeuiiitn 104,210 

tion,  157*168;  properties,  1$8, 

^H              Hydrogenous  compounds,  action  of 

(thiosulphiiric  acid) l^ 

^H                       chlorine  on 73 

Hypoxanthin ^jt^H 

^H              Hydrometer,  specific  gravities    cor- 

j^^^H 

^^^^               responding  to  degreos  of  Baum 6' B  731 
^^^K          degrees  on  Twaddell's,  and  the  c  or- 

^^^^H 

^^1 

^^^H  -            rc^onding  epeoifio  gravities .    .  732 

^^^^H 

^^^H       Hydro-nitro-prussic  acid    .     .     .     .521 

**Ic/*  the  termination    .     .     .    .  ^^BW 

^^^^P       Hydroparaoou marie  acid     .     .     *     .614 

Ice,  absorption  of  heat  hy,  in  heooa-          1 

^^^^"        Hydroquinono .  576 

ing  water      .     .                        ■  ^'^fl 
Ice -making  apparatus                       <  -^H 

^V             XIv<iros€'ltnic  tic  id .227 

■             flydrofiuiphatea    .....     ^l^l-U^ 

^m           Hydrosulphitea    .     .                      ^  *n\ 
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rAOB 
.    -     .     .  217 
^  oonvett  ettbic,  mto  cubic 
timfetrea .  733 


vert,  into  millim^tioa 

bber *     *     . 

a  hiitoryi  const itutioa,  pre- 
UloQt  {iroperties  of  solid  cao  ul  - 
uCf  uses,  666, 

dk 

krido 


ite 


73S 
656 


33B 


kof 


.  333 
.  338 
SEj,  677 
...  679 
.  ,  .  677 
.  337-338 
ff  natural  historj,  337;  ez* 
1^    337-33S ;  '  proportios^ 

^Bf  indium  compounds    .  338 
Iwoightof   ......  725 

md  **in/'  the  terminations  20^  22 

a,ble  air  of  gas .101 

ipoiitioa  of  *  .  637 

ympatbutio 334 

m  BUgftr  of  museie  «    ,  6M,  604 
ajttioe    .    .    .    .    .     711-712 

karcb 688 

»add  * 


d 

fttion,  90  ; 

f  nitrogea 

foration,  properties. 


FAOl 

lodidoa — eon  timuiL 
of  phosphorus     .»,*..,  141 

Iodine 86-^)1 

history,  86  j  natural  historyy  86-87; 
preparation,  87 ;  properties,  88 1 
test3t  89 ;  usee,  90. 
compounds  of  iodine  and  dilotiue  .     91 
— of  iodinD  and  ox^'^en   .     »     .     .     90 
— of  mercury  and  iodine  .     .     427-428 
—of  mtrogen  and  iodine  .     .     .    .120 
— of  silicon  with  iodine   .     .    .    .189 
estimation    of   chlorine^   bromine, 

and  iodine  in  an  organic  body     .  473 

action  of,  on  organic  bodies  -     .     ,  505 

oxysalts  of    ,     .     .  279 

green    .    ,     -     .  r^66 

lodobenzbnes  '>40 

Iodoform      »    .  r>32 

silida    »     .     ,  189 

lodopropane.     ,     .  ^i30 

Iridic  anhydride    .     .  i  36 

chloride i36 

dioxide    .     ,     .     ,     ,  136 

hydrate  136 

oxide   .  136 

sulphido   -  i36 

tetrachloride  136 

IridiouH  chloride  136 

oxide ^36 

sulphide ^  136 

Iridium 43^3-436 

history,  derivation,  natural  history, 
proparatioot  436  \  properties,  435- 
43«, 
compounds  of  iridium      .     .     .     .436 

Iron 347-357 

natural  history,  347;  prepomtion, 
348*351;   impuritiei,  351 ;   pro* 
perties,  351-362. 
compounds  of  iron      .     .  353 

— with  oxygen  .     .  353 

— andchloriae  .......  355 

Iron  ores     .,.....,  348 

oxy-solts ■      366-357 

reactions  of  the  sulta  of    .     .     .     .  446 

perchloride,  sesquichlorido  or  tri- 
chloride of     .......  366 

persulphate  or  sesqiusulphate  of    .  357 

protocarbonate  of 367 

pfotochloride  of ......     .  366 

protosulphido  or  sulphide  of.     .     .356 

protosulphate  of 366 

protoxide  of  .......     .  353 

eesquioxide  or  peroxide  of    .     .     .  3.'j4 
Iron  rosin  or  Humboldtit©  .     .     .     .367 

Iron,  cast,  composition  of    .    .     ,     .  360 

galranised ,    .  831 

spocolar    ,    . 354 

wrought 350 

Isatin  .........      62,  070 

I^tropic  acid ^V^ 

IsoamylWnzcTift ^3"^ 


TAOE 

leobutyric  aldehyde .648 

Isologoua  scrie* 626 

iBomentm ^8 

Isomorphism 50 

Isophtballc  acid    .  .  624 

IsopTene      ...  -  566 

Isopropylbenzene 637 

IsopropylJimethylbenzene .     .     .     ,  ^87 

laopropyliodide 530 

iBopropyliDethylbt'tizene  .     .637 

IsoTaleric  ahleUydo    ..,..*  643 
Isoiylidio  acid      ...,*..  624 

It4icooic  acid 624 

**  Ite"  and  **Ale,*'  terminattous     .     22 


J. 


lalap  twin £o4 

J&lapiiioldo  acid GOS 

Jasper^  amorphoufi  variety  oi  silica  •  1S6 


Kukodyl     607-653 

preparation,  667-668  j  properties  ,  668 

chloride 66S 

cyanide 668 

dioiidfi 668 

diHulphide 608 

iodidt* 608 

oxido -  668 

itilphido 668 

triehlodde    ,,.....»  668 
Kakodylic  acid    .......  668 

Kaolin,  a.  white  day 346 

Kelp,  or  varoc,  aah  of  aea-weed    .     .     37 

soda  from 302 

Ketone,  a 627 

Ketones,  Tli«  .     .     .     .     .     .      646-647 

ronstitulionj      G46 ;     preparation, 
propertiea,  aad  reticUonSj  647. 

Kiumen© 231 

KouuiiBs,  fermented  mare's  milk .     .  491 

Kouoain ,     .     .    * 554 

Kreaaote,  coal  tar     ,    ,    .    *    .    .  571 

to  diatiogmah  oarbolic  acid  from    .  571 

Kreatine      ,....,     634,  694 

KrcatimnG  .*.....     654j  694 


h. 


Luc    ,     . 664 

seed 654 

atick 664 

shellac     ......*..  554 

Lncquer 554 

Latjtic  acid. 607 

— fermentation .484 

serifs,  adds  of  the     .     .     .      005-608 
— general  preparation  of  the  nor- 
mal atidu  of  tke      .....  ^Q.^ 

Lactin  or  lactose ^^^ 


LoDTulose *     »    .    .  685 

natural  hiatory«  prepamtioti,  pa>- 

perties 6S5 

La!?oglucose 5ftS 

Lake  and  marah  water  .     .     .    *M-W 

Lakes  (pigments) ,    .  311 

Lampblack 167,  16S,  Hi 

Lanarkite  ...  .     ....  413 

Lanthanum  >  Ul 

Lonthopine  .  ^t 

I*apia  Uzuli     .     .  ,  3i3 

Laudanine  . £di 

Laughing  gas  (nitrous  oxide)  .    .    .194 

Laurie  acid .    .  5tH 

alcohol .     .    .  oiH 

Lead 4lMl(> 

history,  natural  history,  prepara* 
tion,     impuritieet    punficatioii, 
410. 
extraction  of  Bilrer  from  4lO-iU 

propertiei^  iil-llJ 

aoltaof    .  .412 

uses 

compounds  of  lead  and  ojiygitii 

—  ot  lead  and  sulphur  Hi 

oxy-solta     .     .     . 

action  of  water  upon 

reaction  of  the  salts  of   .     ...  ii J 

acetate  of 415 

carbonate  of,     .     .  .  41^^ 

chlorosulpbide  of  -  it* 

chromatoof.     .     .  ';.Jmi 

oxy  chlorides  of .     .  .Ill 

protofiulphido  of    .     .  .  UJ 

protoxide  or  mon oxido    .     .     <    .413 
gubatilphide  of .     ...     .    .    .  4U 

suboxide  of      .     .  .  418 

sugar  of .     .     .    .  -  flOl 

Lead,  brown,  oxide  .     .     .     .    .    *  iU 

red     ..........    ♦» 

white,  preparution  of.     .      ,    ,    .  il< 

Leads,  red .  4H 

Leticic  acid OOi 

I>eucine  .  .  ^  - .  •  .-  ^  004,694 
Leukon  or  silico-Ionuic  add  -  .  .  W 
Libavius,  fuming  liquor  of     *     .    ,33* 

Lichen  starch W 

Light,  air  a  refractor  of W 

influeace  of,  on  affinity  •  .  .  .  U 
action  of,  on  alkaloids  .  .  .  .  MS 
— chlorides  ...  ,    .  2(7 

—iodides     ...  .2*3 

— nitric  acid     .     .  ,11* 

—organic  badka    .  .  JOE 

— ^phoephoruH   .     .  ^  H4 

Lignin ,  ttJ 

Lime,  uses  of .    .     .  .    «  S19 

filakfKi  (calcic  oxide)  *     .     .    .    ,  IIB 

chloride  of 230,331 

oxalate  of  ...,,.,.  IW 

phosphate  of    -..,...  T20 

Limestone .........  349 

Liquation  of  silver ,41* 

^  lAcii^idA^  solubility  of,  in  wat(>r    »    *  ^*j. 


OTBES. 


761 


^  P\fi8 

iitliftrgd  (plambic  oxids)  U3 

Lithia lOS 

Idihic  aciil .     *  .  i  '-TIT 

carbonate     ,  .     .  ;i03 

hjdmte  .  30S 

•ulpbatt  .  :t08 

lithium  30^*303 
hifitory,  Uiitarai  lustoiy,  piepara- 

tion,  propertiPi,  nap«,  308, 

compounds    .  ,     .  30B 

Diu-  .     .     .  G77,  67 U 

LtQnar  caustic ,  121 

Ltit«otine    .     ,  <r78 

Ltttidine      .     .     ,      .  .     ,  COl 

Ljmph  and  cbyli)      .  70d-70U 

percentage  oompofiiUQu  ut    ,     .    .  70«> 


f adder,  preparation  of .     .     ,     .     .677 

Ttd (>79 

Hagnesis  (ma^eno  oxide)  323 

axtLmonio-pbospbate  of  720 

Msgnesio  borate  ......       o23 

bromide  ....»..,.  324 

carbonate 325 

cblonde  .324 

jf  hydrate  .  324 

^K    nitrate  ;s23 

^H    ikitride  :>24 

^"     oxide  .     .     .  >V2'd 

pbospbate  123 

'—(ottimoDic)  .     .  :125 

pfyropboephate  .  .323 

aUicAtca    ♦     .     .     .  .     ,   325 

iulpbttte   .  .     .  324 

sulphide   ,     ,  .     .  324 

_ne«ium.     .     ,  322-325 

lustory,  natural  bi      r,,  ;     pim- 
tioRi  322;  properLuii,  u-c^,  323. 
compounds  of    «...     .      323'325 
retictioos  of  tbe  salts  of  .     ,     .     .  442 
lagnetic  oxide  of  iron   ,  :i54 

properties  of  metals  240 

fialochite o,,  372 

aUmie  ttcid   .......  (173 

ide  .     .     .     .     -     .  (>73 

I  acid 124 

moid i>21 

— ^reactioni  .....      (*26'Q2^ 
Mricf,  acida  of  tbe      ,     ,     .      620-621 
Qidc  {?)     ,    .  G73 

de  acid  .     .     ,  i;i8 

elic  acid       ,..,...  Gt4 
laoganatcs      .     .     .     ,     .     .270,  320 
de^nitioTi,  pr*:- juration,  properties) 
tUM?s,  270. 
lao^tinftA .  ^     3^«330 

111-'  4  niitory,  pi'epara- 

itie^,  uses,  326. 
eotiiy:^.>u-  ..i  .     .     .     ,     .     327-330 
^of  BiJisganete  snd  oxygtfD.      .     .  32 G 
\  ffuBCthnit  of  tbe  salta  of\     .     .     .449 


PAOB 

Manganese— <»«/*»M^. 

red,  oxide     ♦     . 82S 

binoxida,  {peroxide  or  black  oxide  of  32i$ 

ditbionatoof 160»  273 

protottblorido  of    .     .     •     .     32»»  329 
protoxide  of .......     *  827 

aesquioxide  of 327 

Munga-nese  spur     .  330 

MzuigivDic  acid      .  328 

anbydridd     .     .  327 

I'bloride  ...  329 

dioxide 32a 

oxide  .....  327 

oxyciiloride  ,    *     .     .  329 

percbloride 329 

peroxide .63 

tetrachloride     ....  .329 

Monganoua  carbonate 330 

chloride .     .  329 

oxide  ....  .     .  327 

stUphate  .....  330 

Mannite      ..,,-...  578 

preparation,  propertiee^  578. 
MfiTijasite    .....  35(J 

Margaric  acid  ....  (104 

Margorin 634 

Marine  acid .     ,  210 

Marl 344,  3J5 

Marsh  ga«,  action  of  chlorine  on  .     .     74 

— seriea 228-229 

—series  or  paraffins     628-533,  548-549 

—type     , 466 

Maaon's  wet  and  dry  bulb  thcrmo* 

meters       ,.,,.,.,     99 
Mass  or  quantity,  influence  of,  on 

affinity .10 

Mosaicot  (plumbic  oxide)     .     .    *     .4)3 
IMasLich  ,.....***.  -kH 
BlauYO  (anilioe  purple)  .....  665 
Measunrs — eeo  Metric  Sjstem. 
Mocbanical  force  may  modify  cbeiiii- 

cal  action  II 

Meconic  add   .     .  025 

— reattiouB  ,     ,  630 

Meoonidine      ....  6o2 

Melene 533 

MelLssie  acid    .  597 

— akoboi  553 

Meliaaine     ...  558 

Melitoae.    *     .     .  683 

Meliii^itoee    .     .    *  -  583 

MeOitic  acid ii-^.626 

Mendeleeff's  law  of  periodicity     723-725 

Meodipite  ...  414 

Menthene   ...  552 

Mepbitiooir    .,..,...  177 

Meroaptans  or  thio-olcoboU    .     i>26,  57H 

Metcur-ammonic  chloridi?  .     .  ,  426 

Mercuric  chloride .  425 

cynnido    .     ,     .  5U 

etbide,     .  ^M^ 

iodidti      ,  vn 
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Merwiric— ^«^i»wwl. 

oxy-chloiidea »  426 

iufphnto 429 

■ulphide 428 

stilphocyanate OIG 

Mercuroua  chloride    .  .  ♦     .424 

iodide      ...  ,     .     ,     .  427 

nitrate    .,  ...  75,  420 

ojcide *     .  422 

sulphate 420 

aulphide 429 

Mercury 421-429 

Mstoryf   natural  history,   extriM^^ 
tion»  421 ;  propertiea>  421-422  ; 
uses,  422. 
compoundB  of,  and  oxygen  .    .     .  422 
—  tablo  of       .      ,.,...  423 

— and  chlorino 424-427 

— fliid  iodine 427-428 

— and  Bulpliur 428-429 

Oxy-eAltfl 429 

t«ftction8  of  the  salt*;  of  .     .     .     .455 

biniodideof 427 

black  or  grey  oxide  of     .     .     .     .422 
cMoride,  Mchloridei  or  porchlondc 

of 425 

fulminate  of ,  616 

nitride  of     ........  424 

nitrio  oxide  of  ......     .  423 

protomtrate  of     ......  42y 

red  oxide  of .,,...,.  423 
auhcbloride  or  protochloride  of     .424 

aubsulphido  of 428 

Hesaconic  acid      . 624 

Mesidicacid 624 

Mesitic  acid      ........  539 

Mcsitylene 537 

MesoxaUcadd     .     .     .     .     .     G21,  717 
"  Mettt/*  the  prefix  ......     22 

Metabi&muthio  ucid 37o 

Metabiamutlious  acid      .  .     ,     .374 

Metaoresol ^72 

MBlaldebydo    ........  VA4 

JletalHc  com  pounds,  action  of  hypo- 
chlorous  acid  on     .....     78 

HetAlIlc  salts ^  actiou  of,,  en  alkaloids  050 
action  of  ammonia  on  .     .     .     .     .220 

Metallic   solutions,    actioa  of  phos- 
phorus on      .......  129 

Metailic,   non-,  elements,   action  of 

ozone  on G2 

Metalloids,  The   .....     -  54-235 

action  of  oxygea  on  the      .     .     .    58 
Metals,  The    .....     .     236-436 

general  remarks  on  the    .     .      236-248 
derivaliau,  definition,  order  of  dis- 

coTory,  natural  history  ,  .  *  236 
BOoaihle  and  phyaical  properties  236-240 
chemical  properties     .     .     .     24  0-24  S 

olnasification 248 

lupplcmeot  to  the .     .     .     .     434-436 
Mel^  whose  sulphides  are  insoluble 
in  the  alkaline  sulphides  .     364-383 
— are  aoluble  in  iKo  alka'^Q  i^- 
phidea  ....«.*     ii%^-^«y% 


\ 


Metalst  alkaline 

of  the  alkaline  earths  ....  31 
of  the  eiirths      .....     33' 

of  Group  1 410^4 

of  Group  II 3W-4< 

of  Group  III 339. 

of  Group  IV 326-388 

Metals,  action  of,  on  the  oxides  of 

nitrogen      ...,*...  119 
action  of  carbon  on  the    .     .     ,     *  llm 
— of  chlorine  on  metala  and  metallie 
oxides  .........     7i 

— of  hypochlorous  acid  on    .     .     .    7i 
— of  nitric    anid  ou   metals    and 
metallic  oxides  ......    11' 

— of  nitric  peroxide  on  metals  and 

their  compounds 112 

— of  oxygen  on  the 58 

—of  ozone  on €2 

— of  sulphurous  anhydride  on  .     .  149 
Metals,  non-,  symbols,  atomic  weighl 
and  relative  weight  of .     ...    51! 
— action  of  chlorine  on  the  ...    7' 
Metantimouate  of  potassium   . 
Metantimonic  acid    .    .     .     *     391,  393 

Metapoetin 681^ 

Metaphoaphato,  argt'Utio    .    .    .    .418 

sodifl  .     

Metaphosphatca  or  monophosphates .  1 

Metaphoaphates    ,     , 2i%^ 

definition,  preparation,  testa    .     .  2Jt2 

Metsphosphorio  acid     .     .     .     .     .134 

synonyms,  preparation,  properties, 

tests    , 1 

Metastannic  acid .3 

Metaterehenthene 650 

Metatoluic  add    ....>..  637 

Metatoluidine 6ft5 

Metaxylene     *.......  537 

benifiyl 5l5 

Meth acetic  acid .602 

Methacrylio  acid  .  .  GIO 

Methaamoglobin   .     .     ,  702 

Methccmatin 702 

Methane  or  light  oarhuretted  hydro- 
gen     ....     228-229,626,528 
synonyms,  history,  natural  history, 
preparation,    223 ;     properties, 
220. 

diphenyl M 

Methenyl  chloride     ......  682 

Methylamino 660 

Methylbenzens .637 

Methyl  butyl  carhinol   ....  5$0 

butyl  ketone 64^ 

carhinol    ......,,.  6W 

irotonic  acid 610 

cyanide     ..,...*.,  531 
diethyl  carhinol      ......  65# 

ethyl  ketone ,     ,  64fi 

ethylamine ,681 

othyl-phenylamine  »     .  ,561 

glycocin    .     .    ,     .     .  603 

\«3Li\  tftsVtmQl    ...  5*W 

NftO«K^\Y'fe\fti» 448 
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iKiprapyl  kotono 646 

ifopropyl  earbinol 559 

noDjl  oarhinol 559 

penffl  earbinol 559 

mqphthaldne 542 

pmwpliiDe 666 

propylcarbinol 559 

propyl  ketone 646 

type 466 

Metnylene  oblocide 532 

Meihylic  acetate 602 

add 599 

alcohol 520,  562-564 

aldehyde 643 

am^  ether 638 

ehhnide 532 

— dichbiinated. 532 

ether 638 

ethylic  ether 638 

hydiide 228 

■olphydrate 526 

Metoxy benxoio  acid 614 

Metrie  aystem  as  a  measure  of  length  50 
-— OS  a  measure  of  sur&ce  ...  51 
—OS  a  measme  of  capacity  ...  51 
— as  a  measure  of  weight    ...    51 

llesereon  resin 554 

IGea 343 

KieroooBmic  salt 281 

Milk 706-707 

composition  per  100  parts  of  human 
compared  with  that  of  the  cow  .  706 
Millimetres,  to  reduce,  to  inches  .     .  733 
Mineral  and  other  substances,  power 
of  carbon  of  absorbing      .     .     .171 

action  of  ozone  on 62 

Mineral  matters  in  blood    ....  705 

Mineral  waters 207 

Minium 414 

Mcutnre,  general  facts  respecting    .    99 
Molecule,  25;  compound  molecules, 
26 ;  elementary  molecules,  26. 

Molecular  gravitation 1 

Molybdates 271 

Molybdenum 408-409 

natural  history,  preparation,  408 ; 

propertiee,  408-409. 
compounds  of  molybdenum  .     .    .409 

—tests  for 409 

Mdybdio  anhydride  ....    408,  409 

disulphide 409 

oxide 409 

tetrasulphide 409 

tiisnlphide  ' 409 

Mblybdous  chloride 409 

oxide 409 

"Mon"  or  "mono,"  "dent,"  etc.,  the 

prefixes 22 

Monadelphio  double  type  .  .  .  .467 
Mooadelphio  or  marsh  gas  type  .  .  466 
Mopamides,  primary,  secondary,  and 

tertiary 672 

Hoaaamet 658-662 


PAOB 

Monatomio  acids,  aztddee  of    .    .    .  672 

Monobasio  acid 253 

Monobrcmacetic  acid 602 

Monobromcamphor 553 

Monobromobenzene 640 

Monochloracetic  acid 602 

Monochloride,  carbonic 181 

Monoohlorides 267 

Monochlorobenzene 540 

Monochloromethane 632 

Monohydrogen  phosphate    .     .    .    .134 

Mono-oxy-acetic  acid 607 

Monophosphate,  sodic 805 

Monosulphide,  hydrogen  ....  224 
Monoxide,  carbon 175 

nitrogen 104 

Monoxides 242 

Morindin 678 

Moringic  acid 610 

Moritannic  acid 678 

Morphia 49,  662 

tests  for 676 

Morphine 662 

psoudo- 662 

Mortar 319 

Mosaic  gold 386 

Mucin 721 

Mucoid  sugar 685 

Mucous  or  viscous  fermentation  .    .  486 

Mucus 721 

Murexide 717 

Muriate  of  ammonia 311 

of  soda 299 

Muriatic  acid 210 

Muriaticum  or  muriatic  radical    .     .     70 

Muride 83 

Muscle 693 

sugar 694 

Mycoderma  accti 486 

Mycose 684 

Myosin 689 

Myricin 634 

Myristioacid 597 

Myronio  acid 586 

Myrosin 486 

Mysorin 367 


N. 


Names  of  bodies 20 

Naphtha,  wood 668 

Naphthalene 642,  646 

occurrence  and  preparation,  542; 
properties,  642-643. 

series 642-643 

Naphthaladine 661 

Naphthoic  series,  acids  of  the  .     616-617 

Narceine 652 

Narcotine 662 

tests  for 676 

Nascent  mallet,  m^^oil  q1  .    .    «    «     ^ 
Nerve  tai&ue ^'^ 
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Kiekel     ,..,..,.     536-336 
history,  natural  bistory,  preparn- 
tioD,  properties*  uaea    »     .     .     ,  335 

Gompoundd  of ;i35-S36 

reoctiona  of  the  soils  of  .     .     .     .449 

protoxide  of ,     »  335 

Kickeloua  carhonate »  336 

chloride 336 

nitrate 336 

oxide 337,  336 

— hydrated 336 

sulphate 336 

Kicodno      .     ,     .     , 651 

tests  for   ,     ,     ,    .     .  67i 

Nil  alhum  (zincio  oxide)  331 

Nitrate,  ammonlc 3t3 

argentic   ,     .     .  75,  273,  277,  418,  421 
haric    ....,,..    273,  310 

hiimutbous 374»  375 

cicsio 30^ 

Cftlcie , SlSi  321 

chromic 368 

cohaltic    . ,     .  334 

^ohaltOQS 334 

eopriQ »    .     .     . 370 

ferric 357 

ferrous     ,.,.,,...  357 

hydric 115 

hydrogen.    .     .  .  ll^ 

indie 338 

maguesic ...  323 

mercimc 429 

mercuroua 76,  429 

i]lcke1ous 856 

pJatinic    .,.....,.  405 

plumbic  .......    412,  415 

potaaaic    .......  295 

eodic    .......  :j04r 

thalloiis 431 

umoic 337 

Kitrates 274-277 

defiaition,  aynonymsj  natural  his- 
tory, 274  i  t}ieorie8  of  nitrifica- 
tion, 274*275  ;  purifiration  of 
nitre^  preparatioo,  276,  proper- 
ties, 276-276 ;  testf,  27«  ;  u«os, 
277. 
salts  allied  to  the  ....  278-279 
—  natural  history,  preparation, 
278  ;  propertios,  278-279  ;  testa  279 

alkaline .     5G 

basic  plumbic 415 

Nitre  or  aaltpetre 291,295 

purification  of 275 

apirit  of .115 

cubic  (aodic  nil  rale) 304 

cubical -     ,  271 

priainatiii .........  274 

Nitric  oLid.     ....     .102,116-119 

syBonyraa,  U6 ;  history,  115; 
nafurftl  history*  115;  prepara- 
tion, 110  :  impurities,  116;  pro- 
para  I  ion  of  pure  acid,  116; 
properties,  U6-l\S ;  toaXft,  \\%', 
U0ea,  119. 
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Nitric  acid — continued. 
tablo  shoTOtg  tho  ipecifie  gr&Ti-      ^m 
ties  and   percentage    str^gths      ^H 
of  various  solutions  of.     .    ,    .  7  j^l 

tests  for 460 

dissolyes  most  metals 246 

action  of 11 

— on  organic  matters  .     . 
Nitric  anhydride  .     .     .     ,     .      IH* 
hi&torj^    preparation,    114;     pro- 

pertiea,  115. 
table  showing  the  spedflc  granties 
and    percentage    strengths     of 
various  solutions  of      .     .    ,    ,  726 
Nitric  dioxyohloride  (nitrylic   ehlo- 

>de) 121 

dioxy-tetracbloride    (chloro-nitiio 

gas) 121 

oxide 106-iOS 

— synonyms,    106 ;     preparation, 

106;  properties,  107-108. 
— action  of,  on  metals     .... 

oxy-dichloride  (ehloro-nilrio  ga*)  .  12; 
peroxide  ....,.,      UO-lli 

— synonyms,   110;  history,   llO  ; 
preparation,    110  ;     properties, 
110. 
-^action  of,  on  metals         ,  ,  2471 

trioiide   ..,,..  loi' 
boric  ....  .  \U 

magnosic  ...  ,  33Cj 

siUcic  ......  190 

Nitrification     ....  ,    %{ 

theoriea  of    ...      .  274 

Nitrile   ,     ,     .     ,  673 

Nitrite,  argeniic  ,     ,  til 

potasdc    .     ► 207 

Nitrites 277-278 

definition,  preparation,  propertief, 

testii,  uses 277 

plumbic  .........  4l5 

Nitrobenzenes       ...  'no 

Nitroben7.oic  acid.      .     .  .^13 

Nitro  derivatives  .     .  .     .     .  6,'{9 

Nitro-ethane    ..,,..  fi32 
Nitrogen       .......        93-ril 

Ejnonyms,  93;  history,  93;  natural 

history,    93  ;     preparation,   91 ; 

properties,  94;  tests,  96;   uses, 

95. 

general  remarks  on  the  oxides  of 

nitrogen .113 

compounds  of  nitrogen  and  oxy- 
gen     .......      103-Jia 

compounds  of  nitrogen  and  the  ha- 

loias Xi% 

—nitrogen,  oxygen,  and  chlorine 

^hydrogen  and  nitrogen      .     ,    .217 
a  grouping  element  for  nitrogenixed 
bodies  .........  40fi 

experimental  detennination  of  the 
carbon,   hydrogen,   and  oxjgezt 
^i ML QT^tLnic compound  notion- 
XiKOusv^ ,46^ 
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N  itrogea—continued. 
estimation  of  the    hydrogen    and 

caibon  in  a  body  containing       .  471 
reeognition  of,  in  organic  bodies  471 

estimation  of 471 

in  the  air 98 

present  in yariotts  animal  aubstances    93 

action  of  carbon  on 170 

on  the  metals 246 

binozide  and  deutojdde  of    .     .    .106 
Nitrogen,  chloride  of      .     .     .     119-120 

dinoxide 106 

iodide  of 120 

monoxide 10  i 

oxides  of,  general  remarks  on  the  .  118 

peroxide  of HO 

protoxide  of 104 

tetroxide 110 

trioodde 108 

Nitrogenous,  non-,  bodies,  types  of  .  466 

Nitro-methane 632 

Nitro-Pmssides 521 

tests  for 524 

Nitrosyl 106 

chloride  (nitrons  oxychlozide)   .    .120 

Nitrotiichloromethane 533 

Nitrons  add 109-110 

— ^preparation,     109 ;     properties, 
109. 

anhydride 108 

Nitrons  air,  dephlogisticated    .     .    .104 

anhydride 108-109 

— 8ynonym8,108 ;  preparation,  108 ; 

properties,  109. 
•^action  of,  on  metals     ....  246 

chloride 119 

gas  (nitric  oxide) 106 

— (nitric  peroxide) 110 

oxide 104-106 

— synonyms,   104;    history,  104; 
preparation,    104 ;      properties, 
104-106 ;  uses,  106. 
— action  of,  on  metals     ....  246 

— (nitrous  anhydride) 108 

oxychloride 120-121 

—synonyms,  120;  preparation,  pro- 
perties, 121. 

Nitryl 110 

Nitrylio  chloride 121 

^-synonyms,  preparation,  proper- 
ties, 121. 

Nonane 628 

Nonene 633 

Nonylene 533 

Nonylicaoid 597 

alcohol 558 

Nordhausen  sulphuzio  add  ....  356 
Notei  for  practical  analysis     .     437-462 


Obsidian  or  Toleanio  glass  ....  343 
OeduaioA  of  hydrogen  .  •  .  193,240 
Ochr9 344 


PAGE 

Octane 528 

Octene 533 

Octyleno 533 

Octylene  glycol     ...*..,  573 

Octvlic  add 597 

alcohol 558 

Odds  or  perissads 48 

Odors,  power  of  carbon  of  absorbing  171 
CEnanthic  alcohol .    ...*..  558 

(Enanthylic  acid 604 

aldehyde 643 

Oil  of  camphor 552 

of  turpentine  and  its  allies  .     .     .  549 

bitter  almond 645 

bone 093 

fusel 558 

paraffin 548 

rock,  or  petroleum 548 

Oils,  essenUal  or  yolatile  .    551-552,  634 
preparation,  properties,  551 ;  table 

oi  essentisi  ous 552 

Tolatile,  as  disinfectants  ....  494 

fixed 631-634 

— saponifiable 632-634 

— action  of  heat,  solubility  .     .     .  632 

air 632,  683 

—tabulated  list  of  fats  and  oils     .  633 

—list  of  fatty  bodies 634 

— non-saponifiable 634 

drying,  table  of 633 

non-drying,  table  of 633 

fish,  table  of 633 

Olefiant  gas  series 228 

Olefinetype 467 

Olefines,  The 533-535 

preparation,  534 ;  properties,  534-535. 

Oldc  add 610 

Olein 634 

Oleo-resins 555 

'*  On,"  the  terminatioD,  ....  20 
Onyx,  amorphous  variety  of  silica  .  186 
Opal,  amorpnous  variety  of  silica     .  186 

Opianine 652 

Orange  chrome 360 

Orceine,  red  coloring  matter   .     677, 679 

Orcin 575 

Ordns 475 

Orcine 677 

Organic  analysis 467-482 

Organic    bodies,   ultimate   analysis 

of "^68-481 

proximate  analysis  of  .  .  481-482 
natural  and  artificial  changes  of  483-507 
action  of  nitric  acid  on  .  .  .  .118 
—of  nitric  peroxide  on    ....  112 

Organic  chemistry 463 

definitions  of 463 

Organic   compound    and   organised 

body,  distinction  between    .    .  463 
Organic  matter,  action  of  ozone  on, 

and  on  organic  compounds    .    .    62 
Organic  matters  in  the  air  .     .    .    •  108 
Organo-boron  compoonds   ....  669 
Organo-niftWIi!!^  OKKu^^orasD^    .    «    « ^^^ 
Orgaxio-nlaooTi  ^m^'^ocni^ft .    «    «    « ^^^ 


Orpimcnt •  398 

Orthopbospbtttes 281 

defiuitioni  prepftratioiif    vnrietioflf 
properties,  tesU .     .     .     .     .     .281 

Orlbopbospbates  or  tripbosphatOB     .  133 
Ortbnpbospboric  acid      .     .     .     136-13'3 
eyDOQjms,   natural   Mttorj,  pre- 
paration»  properties,  135 ;  toEts, 
136;  uses,  136, 

Orihololuidine 065 

Orthocresol.     ........  672 

Orthoiy benzoic  acid 6H 

Orthojiylene    ........  527 

Osmio  acid 381 

chloride 381 

bexacMoride     ....  331 

oxide 381 

tetroxide      .......  381 

Osmious  dichloiido   ......  38 1 

oxide ,     ,     .    ,     .  381 

Osmium      ...,.,.     380-381 
history^  natural    history,  oxtrac- 

tion^  380;  properties,  38  L 
compoundfl  of  osmium     ♦     .     .     ,381 

— reactionaof    .     , 381 

Osmosis,     ...  ,     ,  193 

Ossein    ...  Gl>.?.  694 

**Oua,"  the  teruiiaatLQu  21 

Ov-a]bumen    ,     .     .     .  088 

OxalfltG  of  limo    .......  720 

calcic. 318,  322 

ferrotij ,     ♦  353 

Oxaliit<!3)  iron .  367 

OjuOicacid 618-620 

— ^natural     biHtorjs     preparation, 
618 ;    commercial    preparation, 
618-619;  properties,  US0S|  619. 
— reactions  of   .,.,.,     .  628 
aldehyde ,     .     ,     ,  -  ,  646 

Oxaluricacid   .    .  717 

Oxainide i»73 

Oiamic  acid 673 

Oxide,  aluminic     . 340 

antimomou^ 390 

antimonic      . 390 

autimonoso-DJitimomc      .     .     .    .391 

argentic 418 

orgentoui 418 

Qurio ,  402 

aurous 401 

baric    , *     ...  315 

benzoic  ,,.».,...  613 
biamulhic  ,,,..,..  374 
bismuthous   ........  374 

cndmic.     * 376 

COMQO  ..........  309 

calcic 319 

carbonic .  17o 

chlom-Bulphuric 162 

chromic 35S 

cobaltio    .........  334 

cobaltoso-cobaltic 334 

coboltous 333,  334 

cuprio ^^*a 

cuprotiB         ^  ^^% 


Oxide — continued-, 
ethylenio.     ...... 

ierrouB     .....  _     .  3J3 


ferric 

hydratod  cobaltous. 

iudic 

iridic 

iridiotia    .... 

msgoetic^  of  iron    . 

mugziesic .... 

xnauganoua   . 

manganic 

mercuric 

mcreurous 

molybdioua 

molybdio 

nickeloufi 

nitric  .     . 


354 
334 
338 
41 


31 


.  31 
.  4l| 

.  4a 

.40 

.     .     335,  31 
.   lOCaos.  24 


.  3i 
.  .  38! 
29[S  62 
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nitrouH    ......  104 -lOe,: 

^(nitroua  anhydride)      .     .     ,    .10 

osmic  ...... 

osmious  ..... 

palladic *     .     .     ,  311 

palladious 

perchloric 

pemitric II 

phosphoric,  a  dehydrating  agent 

platinic «  40 

platinous      ........  401 

plumbic  .  .411 

plumbouB  .  41 

potosaic    .     . 

pyrograpbitio 

red      .     . 

rhodic 

ruthcnic  . 

ruthenious 

sodic  .     . 

stannic    . 

Bt&nnoua  . 

strontic    . 

Gulpburic,  a  dt^bydratiug  agtiut. 

telluric . 

tellurouB  . 

thaUous  , 

thalHc     .     . 

iiTtnic.     ... 

uranoua  ... 

tiranyl      ........ 

/incic ..,......,  33 

Oxides,  The,  of  metals  .      .     .      240-24 

—preparation  of     ......  2| 

— varieties  of     . 

— table  of     .     . 

^properties  of  . 

acid     ,     . 

of  nitrogen 

— general  remarka  on  the 

oftUDgBten 432*43 

atiric,  argentic,  platinic  .    .     .     .     50 
Oxidbing  bodies,  action  of,  on  sugir  6$ 

Oximide? •     .     ,  t;78^P 

Oxyadipic  acid.     ...,.,.  621    -- 

OxY-arsenicum  salts  ......  284=^ 

^X^-\jWM.«5B,ti     .     , 671 
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PAGE 

Ozybenzoic  acid 614 

leries,  acids  of  the.    .    .    .     613-614 
Oxybromide,  biBmiithoiiB    ....  373 

OzybaWricacid 605 

Ozycarbonate,  hydrated  zincic.    .    .  333 
Ozjchloride  of  phoipborus  .    .    .    .140 

carbonic 181 

manganic 329 

nitrous 120-121 

uranium 337 

Ozj-cblorides,  mercuric     .    .    .    .426 

silicic 188 

chromic 360 

Oxygen 64-68 

synonyms,  54 ;  lustory,  54 ;  natural 
history,  55 ;  preparation,  55 ;  pro- 
perties, 57;  aUotiopio  oxygen, 
69-68 ;  uses  of  oxygen,  64. 

liquefaction  of 723 

duly  consumed  by  the  food  talcen 

by  an  ayera^  man 66 

use  of,  in  medicine 68 

in  the  air 97 

compressed,  a  fearful  poison     .    .    58 
experimental  determination  of  the 
carbon,  hydrogen  and  oxygen  of 
an  organic  compound  not  con- 
taining nitrogen 469 

determination  of 470 

compounds  of  bromine  and  .  85-86 
—of  barium    with  oxygen   and 

hjdrox^rl      315 

—of  calcium  with  oxygen   and 

hjdroxyl 318 

—-of  carbon  and    .    .  .    .  175 

—of  carbon  with  oxygen  and  the 

haloids 181 

—ot  hydrogen  and 195 

—of  iodine  and      .......    90 

— of  iron  with 353 

—of  lead  and 413 

— of  manganese  and 326 

—of  mercury  and 422 

—of  molybclenum  and  .  .  .  .  4C8 
— of  nitrogen  and .  .  .  •  103-113 
— of  nitrogen,  oxygen,  and  chlorine 

120-121 
— of  phosphorus  and .  .  .  130-139 
—of  platinum  and  .  .  .  405-406 
—of    potassium,     oxygen     and 

hydroxyl 291 

—of  selenium  and 163 

— of  silicon  and 186 

— ofsilyerand 418-419 

— of  sodium  with  oxygen  and  hy- 
droxyl  299 

—of  sulphur  with  oxygen  and  hy- 
droxy!      147 

— of  sulphur,  oxygen,   and   the 

haloids 161 

—of  tellurium  and 164 

—of  thallium  and 431 

-*of  titanium  and 362 

—of  tungsten  and 432 

aetion  of,  on  ammonia    ....  219 
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Oxygen,  action  of — eontiniud, 

— on  carbon 169 

— on  iron.     .     .^ 352 

— on  the  metalloids 58 

— on  the  metals 58 

— nascent,  on  organic  bodies    .    .  505 

on  alkaloids 650 

Oxypnated  water 209 

Oxyhffimoglobin 65 

Oxyiodide,  bismuthous 373 

Oxymethylbenzoic  acid 614 

Oxymalonic  acid 621 

Oxymuriatic  acid 82 

Oxyphend 575 

Oxy-phosphonis  salts 282 

Oxypicric  acid 678 

Oxy-salicylic  acid 615 

Oxysalts 266 

—double 287 

of  chlorine,  bromine^  and  iodine   .  279 
oflead     ......     .     415-416 

of  mercury 429 

of  potassium 295 

of  silver 420-421 

barium 316 

cupric 371-372 

iron 356 

sodium 301 

Oxysuberic  acid 621 

Oxysuccinic  acid 621 

Oxy sulphide,  carbonic 183 

Oxysulpho  salts 271 

Oxytricarballylic  acid 6115 

Oxytrichloride,  phosphoric      .     .     .  140 

Oxyyalericacid 605 

Ozone 59-63 

history,  59;   nature,  59-60;  pre- 
paration, 60 ;  properties,  61-62 ; 
special  tests,  62;    quantitatiye 
determination,  63. 
faculty  of  phosphorus  of  eyolying, 

in  damp  air 130 

presence  of,  in  the  air    .     .    .     .    99 
See  Antozone. 


Painting  on  glass 308 

Palladium 377-379 

history,  natural  history,  extraction 
from  platinum  ores,  from  gold 
ores,  377 ;  properties,  377-378. 
compoimds  of  palladium     .      378-379 

— reactions  of 379 

chloride  of 378 

suboxide  of 378 

Palladic  chloride 378 

oxide 378 

sulphide 378 

PaUadious  chloride 378 

cyanide 379,  511 

iodide 878 

oxide "^'V^ 

Bulplude ^"^"^ 
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per  1000  parts 


700. 


)28-533, 


G3I 
COl 
043 
B3i 
710 
709 
710 

oa2 

22 
717 

689 
572 
40 
648-549 
530 
630 
G44 
6o2 
588 
644 
661 
614 
589 


Piilm  oil      .     * 
ralmitic  acid  . 

aldehyde 
Falmitin     .     . 
PtocrefttiG  fluid 

compoaitiou  of, 
Poneivotin .    . 
FapftTerin^ .    . 
**  Pjim/' the  prefix 
Parabanie  acid 
Paraglobulin   , 
Panoretol  * 
Pjua^imogeii  . 
Parafinns     ,     .     , 

preparatioo  of  . 

general  proporlics 
Paraldebyde  ,  . 
Paramorphine .  . 
Poramylon .  »  » 
Paronaphthaleno  , 
Paranilino  .  -  » 
Paraoxytjenzoic  aci'I 
Parapectin  *     -     , 

Paratartaric  acid 49 

Paratoliuc  ald(^hydo 645 

Paratoluidino .665 

Paraxyleno 537 

Parchment,  vegetable 684 

PftTTOUne 662 

PftttiiLwn'fl  white  oxychloride      .     .414 
Pearl  hardener  (calcic  sulphate)    .     ,321 

Pectin    * 689 

Pectoae ,    .     .    ,  §89 

Pelaripmc  acid    ,.,..,.  697 
Pemcillium  glaucum      .     ,     »     485^  486 
Peiitfithloridt?  of  iodine  .     ,     .     .     .     91 
Peiilachlorido  or  porchloride  of  phos- 
phorus       140 

Pentachloridea 257 

Pimtachloreh^izene 640 

PontadecaDO    ........  628 

PoBtafluoride,  arsenioua      .     .     ,     .395 
Pt?ntai3ulphidej  animomc     -     -     .     .311 

calcic 318 

cupric ,     .  371 

dipotassic 294 

phosphorus 162 

Pentano 628 

Pontathionatea 274 

iVntathionic  acid      .     ,     ♦     .     .     .100 

HynoByms,    history^    preparation, 
properties,  160. 

Peotethylenic  glycol 576 

Pentylic  acid  ........  603 

alcohol 558 

Pcpdn  ,......,..  709 

Peptones 690 

**  Per/'  the  prefix 22 

Perbromic  acid 86 

Perchlorate,  hydric 82 

potasdc 279,  297 

Perohloiates 279 

Perchloric  acid    ......    82-83 

— syuonynii,  82 ;  Malory,  %^ ;  ^x^- 
piration,  82 ;  pTOpettvei,  ^^. 


.  32 
90*1 


\ 


Perehlonc^-MMlifiiMtf. 

osde 

Perch  loride,  manganic  .     . 
Pericliu©     .... 
Period&tos  . 
Periodic  acid 

preparation,  w ;  properUei,  91 
Pcriudicltv,    MendeleefiTa    Iaw     of 

723- 

Penssadfl  or  oddi . 

PenuangaDatea,  the Z' 

with  Buperheated  atoam  ....    56 

Permanganic  acid 329 

anhydride     ....  3:  ~ 

Pemitric  oxide      .     .  I 

PeraitTOiis  acid     .......   I 

Peroxide  of  chlorine ......    8 

of  hj^drogen  (hydrii?  pcroxidel 

of  nitrogen  .    ,  HI 

aeettc  .....  .  (S< 

argentio  ...  ...  4 

baric  ,     *     .     .  .       5U^  ai 

l>en«oio Gl 

eakio .    ,  31! 

chloric 

hydric     ,.,....,. 
—a  powerful  oxidizing  agent  .     . 

manganio 

nitric .110, 

plumbic  peroxide  or  dioxide.    .     ,  4 

potasaic 

Btrontic 811 

Peroxides,  acid 5' 

Persulphide  of  hydrogen 
hydric      .....  .2: 

potaaaio -  2^4] 

Peraulphomolybdic  acid      .     .     .     .  4i 
Peraulphuretted  hydrogen  .     .     226-2: 

Petroleum    , 

spirit 

Phenanthrene 

Pfeenic  acid      ....  .     .  it] 

Phenoic  acid   .     .     ,     .  .6 

Phenol 571 

Phenol«,  The M9-d?2 

Phenose,  eame  compodtion  u  grape' 
sugar  .    .    .     .    •     .     .     .     .  641 

Phenymmine 6«1^  66! 

Phenylbenstylic  ether  g:sS 

Phenyl  butyleno  ...  511 

Phenylia t)(>3 

Phenylic  acid ,     ,     ,  671 

alcohol    ,     .     .     ,     =  A  70 -5  72 

ether ......  G:;^ 

hydride  ....  .'i.3'.> 

Phenyl-kctic  acid     .     ,  514 

Phenyl-propiolic  acid     ,  ,016 

Philosopher's  wool  {zincic  oxidoj      .  $31 
Phlogiftticated  yitrioUc  acid     .     .     .Mil 

Phlogiston 93 

hydrogen      ........  191 

Phloretic  add 61* 

Phlorizin    ,     .     .     .     .     ....  68^ 

Phlorol 6C9 

^^^sWSE^a^fta 181 J 
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a,  propeitios 
a .    . 
Fhofphate  of  Uni' 
offodft   .    * 
jirnmonic  niagDe4iti 
calcic      .... 
,  feme      .     ,     , 
liuTOUfl  bydric  , 
*  '  t  diiodic 


PAOH 

.     .  142 

,     .  142 

221 

.  720 

.  305 

.  306 

.  3ia 

.  353 
,  303 
,  309 
.  323 
-  306 

magoesio  ....,..,  323 
sodic  uuimonie  hydric  .  .  .  ,313 
irifirgontjo    .,.....,  418 

triciikic ,  318 

trilitbic 308 

boiphfltc5  .  .  .  .  n I,  '231,  305 
^  iillie^of  tli  ....  283 

I  aluminic  .     .    .343 

»  c^dc  ...  322 

i  tlutlloiis  ....  .431 

]koarphIde,  cakic  .     .  .318 

-^ ,  371 

.,*.,.      205-266 
-  ,    nuti^ral    history,    pre- 

paration, 265 ;  proppitios      .     .  266 
osphiucs .........  666 

pkit^,  bydric 132 

hoapbitea  ......      232-283 

detfinition,  282  ;  properties,  iasii  .  283 
Ijosph ore tted  hydrogen,  gaseous  221-223 

tp-Jiquid 223 

lid 223-224 

rio  acid .47 

f*— eonvcTfion  of  phoapbonis  into  .  130 
I  -^nctiou  of,  on  organic  tnattera  .  503 
I — (orthopbo?i)borio  acid)      ,     .     .135 

Lftiikjdride 133-134 

I — preparation,    133  ;     properties, 

133-134. 

f  — quanittf  of,  per  cont.  present  in 
I      dilferent  sabfltances     .     .    .     .123 

,  ebloride -     .    110,  506 

— firnonyms,  preparation,  pioper- 

tM?6»   HO. 
oxide,  a  dehydrating  agent .     .     .506 
cQcy trichloride  .     -     *  ,•     *     HO- HI 
— ^ivnonymf,    preparation,     liO ; 

JvVoperties,  HO-Hl. 
photricbloride    .     .     .     .     .     ,141 
I  — s>'nonyni,    prq»aration,   proper- 
ties, 14 1, 

bospboroue  acid 132-133 

-synonym,  preparation,  132  ;  pro- 
perties, 133. 

anhydride     . 132 

-«ynonymB,  preparation,  proper- 
ties, 132. 
leUoride  .........  I3D 

' — STnonyros,  preparation,  proper- 
ties, 139. 

tribydride 221 

hoBphoruM      ......      122*142 

f  iMtorr,  123;  Butural  history,  123; 
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Pbospborttfi — conttnmd. 

preparatian,  123;  varielie*,  125  ; 
properties,  125  ;  solubility*  120; 
loata,  129;   uses,  130. 
oompounda  of  phospborui  and  oxy- 
gen   .    .    .    .  130 

— of  pba^pborna  and  the  haloids  .  139 
— of  hydrogen  with  .....  221 
— of  sulphur  and  .  ,  .  .  .  .162 
action  of  ammonia  on  phosphorus 

compounds •142 

general  remarka  on  the  acida  of  the 

oxides  of  phosphorus  ....  137 
estimation  of,  in  lin  organic  body  .  473 
aelion  of,  on  the  metals  .  <  .  .245 
proportions  of,  per  cent,  present  in 

yarioiia  oniuiHl  tiesues .  .  .  .123 
—in  which  ctTtain  gases  stop  the 

Flow  combusiion  of.     ....  128 
fjuantities    of   vapor  required  to 
check  the  luminosity  of,  in  liir 
at  elevated  t<imperatures  .     .     .128 
tables  of  solubilily  of,  in  yatious 
liquids.     ,-.....,  120 

Phosphorus,  iodides  of 141 

oxide  (phosphorous  aahydrido).     .  132 
oxy chloride  of  ,     .     .     .     .     .     .140 

pcntachloridc  or  percMorido  of  .  140 
penUauIpbide   ...  162 

protosulpbide    ...  162 

sesquisulphide  ...  162 

suboxide  of  ....     .  131 

sulpbocbloride  of 141 

Incbloride  or  terchlorido  of .  .  .  139 
trioxide  (phosphorous  anhydride)  .  132 
Baldwin's  (calcic  nitrate)  .  .  .122 
Bolognian  (baric  sulphate  J  .  .  .122 
Homberg's  ffused  calcifl  chloride) .  122 
rhospboryl  chloride  or  trichloride     .  140 

rhthalic  acid 024,  G2G 

series,  acida  of  tbt ,  ,     .  624 

Pbyllocyanino.     .     ,  .     .  OT'O 

rhylloxanthin.     ...  (^78 

rhyaetoleiu  acid    ...  tjlO 

Pbyaoatigmia  ......  653 

Picocarpintj  .....  653 

PicoUne C6l 

Picric  acid  .........  678 

Pictet's  liquefaction  of  oxygen  and 

hydrogen 728 

Pigments  in  urino      ......  718 

Pigmentura  nigrum  .     .  680 

Pimelic  acid    ....  618 

Pinic  acid    .     .  .   r>.'?i 

Piperidine  .  i   il 

Piperine.     .     .  i  ',  ur» ; 

I*itg^i3  ...  228 

Plant,  life  of  a  ,  G$6 

Plaster  of  Paris    .     .  J  LiO,  320 

riatinate  of  soda  .  .     .  406 

Platinamino     .     .  l{)7 

hvdrochloratc  oC  V^nI 

nitrate  ot      .     .  ^'^\ 

Pktimc  tMotide  -  ^  ^ J..  , 

nittuio     .     .  ^^^^ 

n 
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Platmio— cowrmi«rf. 

oxide.     .     .     .     ,     .  iOo 

nXta i08 

BulphatG ^t*6 

Bulpliido 4  a  J,  4(18 

Plntino-cMorides -  4U6 

riatino-oyanogen Si  8 

Platinoua  cUoride     .     .     .     .     »     .106 

oxide 405 

iulpHde 405,  408 

BTilpbite 405 

Platinum 403-408 

lmtor}%  nuttiral  history,  403  ;  ex- 
traction^ 404;    properties,  404- 
405 ',  uses,  405. 
oompounds  of     ......    *  405 

— reactions  of    ...  ...  408 

— and  oxygon    .    .    ,     .     .     405-406 
— and  chlorine   *»•**,*   406 

^and   sulphur 408 

l)aa«B  produced  hy  the   action  of 
ammonia   on    tho    diloridfa  of 

platinum 406-408 

binoxido  of 405 

protochloiide  of     .♦...,  400 
tetrachloride,    perchlorido    or   bi- 

cliloride  of 406 

Platosamine 407 

hydrochlorate  of 407 

Plumhago  or  Hack  lead 167 

Plumbic  ficetato 601 

bromide  ,     .     .     - 412 

carbonuto     ........  412 

chloride 414 

chromatc. 360,  415 

— bftsio    .     »_ SCO 

— ad  an  oxidising  agent  .  1G9 

ethide .  G70 

ferricyanido ,     .617 

feiTocyanido 517 

fluoride 413 

iodide 415 

nitrate 412,  115 

baaio  nitrates    ....,.,  415 

mtritei 415 

oxide. ,   U3 

peroxide  or  dioxido    .     .  i  1 4 

phoephatea 415 

eelenido 412 

flulphat© 412,415 

Bulphide 415 

eulphilc 41 G 

sulpboeyanato  .     .     .     .     .     .     .  i^lG 

Plumbous  oxido 413 

flulphido  .     .     .     ,     ,     .     .     .     .415 

Podopbyllum  rosin 554 

Polyba^ic  acid 253 

Polymcriam .     41} 

Populio. .jSC 

Ponuebun  and  pottery    .     ,     ,      34  J-34C 
mode  of  manufacture,     .     .      315-346 

Porphyroxinc 652 

Porpb\Ty 343 

Portland  cement ^1^ 

Potash  (potassic  hydrate)    ,     .     .     .  *i^\ 
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n 
:diU 
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Potaab—  eon  tinued. 

table    showing     tbd     percentage 
amount  of,  in  aqueous  solutions 
of  Tcirioua  specific  gm^'ities  .    .  72t) 
anhydrous  (potoesio  oxidt')   ,     .     ♦  2ftl 

bicarbonate  of 2% 

bichromate  of 3^)0 

caustic  (potassiG  hydrate)     .     .     ,291 

red  prussiate  of 52(» 

yellow  prussiate  of    .....  518 

Potassa  ({Kstassic  oxide)  .291 

PotaFsic  acetate    .     «     .  .  601 

aluminio  sulphate  .     .  341 

antimonious  tartrate 297 

hisulpbate .2^5 

hitanrato .  2^7 

bromide  ...  .1^93 

carbonate 

chlorate 11,  5fl, 

chloride  *,....,., 

chromate 351^ 

cyanide,  295,  6H,  512;  its  nstf,  613. 
dichr ornate  .     .  ,  3i53 

diiodate  .     .  27S 

dioxide 291 

ferricyanide 2tJ3,  5: 

— reactionB 62(1 

ferrocyanide     .  293, 618 

fluoride   ...  ,     .  2t»3 

fluosilicate  -     .  .293 

hydrate   ...  ,     .  291 

hydric  sulphide     .     .     .     .  ,  'M 

hydroxide    ......,»  291 

iodate      *     ...     -     -     -     ..  2*8 
iodide      ...  .  2J>'i 

manganate .325 

nickelous  cyanide .     ,     .     ,     .     .6)1 
nitrate     .......     274,  liSS 

nitrite     ......*..  297 

oxide 201 

perohl  orate  .     .     .  , ;    -     ^     27S>,  23" 
permanganate  aa  a  disinfectaiit.    *  4^i 
peroxide .........  291 

p^rsdphide  ...  .294 

plat  ino- chloride i^>^ 

rhodic  cbloddo SSO 

—sulphate 3B0 

sulpb-hydratc 2W 

sulphocyanate ol^ 

tartrate ^1 

triiodate 37** 

Fotasdum  .......     289-291 

history,   natural    history,   prepa- 
ration, properties,  289. 
table  of  compounds  of  potoietum   .  2tM) 
compounda  of  potasfium  ond  oxy* 

gen  and  hydi\)xyl  .     .     .      29 1  •293 

— of  potash um  and  sulphur.     .     ,  '2U 

oiy&alt«  of  potassium .     .     .      295-2^7 

Pottery,  Porcelain  and  .     .     ,      344-34^ 

Prefixes 2J 

Pressure,  average,  of  the  air  in  Eog- 
land V6 
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Propane 228,  528 

Propaigylio  alcohol 569 

Propene 533 

Propenyl  alcohol .......  576 

Propine 536 

Propione 646 

PMpionic  acid 602 

aldehyde.    .     .    - 643 

Propioziitrile 673 

Propylbenzene 537 

Propylene 228,  533 

gjlycol 573 

Propylenic  ether 640 

Propylicacid 602 

alcohol 566 

Propyliodido 530 

Propylmethylbonj!<»ne 537 

Proteid,  coagulated 690 

Proteide 688-690 

reactions  of 690 

"Proto,"thepreax 22 

Protochloride  of  carbon 181 

of  iodine 91 

Ptotosulphide  of  nickel 336 

diammonio 311 

phosphorus 162 

Protoxide  of  cobalt 333 

of  nitrogen 104 

Prussian  blue  .     .     .     .     .     .    520,521 

Prussiate  of  iron  (prussian  blue)   .     .521 

of  potash,  red 293,  520 

•—yellow 293,518 

Prussicacid     ......     509-511 

Pseudocumene 537 

PsUomelane 323 

Ptyalin 708 

Puce  or  brown  lead  oxide   .     .     .     .414 

Puddling  of  iron 350 

Pumice  stone 343 

Purple  of  Cassius 403 

Purpurate  of  ammonia 717 

Purree  or  Indian  yellow      ....  678 

Pus   ....     • 721 

Putrefaction,  definition  of  .  .     .  492 

conditions  necessary  for  .     .     .     .  492 

means  of  preventing 493 

Pyin 721 

Pyrene 647 

Pyrethrin 554 

Pyridine 601 

Pyrites 143 

mundio 356 

Pyiocatechin 675,636 

Pyrooatechuio  acid 615 

Pyrogallic  acid 577 

senes 577-578 

Pyrogallol 577,  636 

Pyrographitio  oxide 167 

Pyroligneous  ether 562 

Pyrolusite 55,  328 

Pypomellitic  acid 626 

Pyrophorus  (Homberg's)  .  .  .  .342 
I^yrophoephate,  argentic     .    .    .    .418 

ma^eflic 323 

Bodic 305 
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282 

Lnition,  preparation,  tests     .     .  282 

or  tetraphosphates 138 

Pyrophosphorio  acid  ....      134-136 
synonyms,  preparation,  134;  pro- 
perties, tests,  185. 

Pyroracemio  acid 608- 

Pyrotartaric  acid 618 

Pyroterebio  acid 610 

Pyroxylio  spirit 562 

Pyroxylin 684 

Pyrrol 661 

Pyruvic  acid 608 

series,  acids  of  the 608 


Q. 

Quadrantoxide,  cuprous      ....  368 
Quantivalence 39 

or  atomicity  of  the  body,  method  of 

determining  the 40 

Quartene 533 

Quartine 536 

Quartz,  crystalline  variety  of  silica  .  186 

Quercitrin 586,  679 

Quicklime  (calcic  oxide)      ....  319 

Quicksilver 421-429 

Quinicine 651 

Quinidine 651 

Quinine 651 

tests  for 675 

Quinoidine 651 

Quinones 528,546 

Quintene 533 

Quintine 536 

Quintone  (valylene) 536 


E. 


Racemic  acid 49, 

Radicals,  compound 

chemistry  of,  (Liebig*s  definition  of 

organic  chemistry) 

Rainwater 

Reagents,  action  of,  on  organic  bodies 

Red-bole      .    * 

Red  coloring  matters 

Red  lead 

Rod  precipitate 

Redruthite 

Regelation,  phenomenon  of     .     .     . 
Reiset's  first  base 

second  base 

Resinification 

Resins 553. 

preparatioa^  553,  properties,  553- 
554 ;  vaneties,  554,  uses,  555. 

gnm 

.  oleo-^ 

IlesoTdii 

\  Eesj^tioiv ^ 


623 
28 

464 
206 
506 
344 
679 

55 
423 
370 
198 
407 
407 

64 
•555 


665 
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Ehodic  chloride 380 

oxide 380 

sulphate 380 

Khodium 379-380 

history,  natiwal  history,  extraction, 

379;  properties,  379-380. 
compounds  of  rhodium    ....  380 

— reactions  of 380 

Bhuharh  resin 664 

Biciuoleio  acid 60S 

Kinman*s  green 333 

Eiver  water 207 

Bocellic  acid 618 

Eochellesalt 287,297 

Koman  cement  ^ 319 

Kosaniline  (aniline  red)       ....  665 

Kosin,  common 654 

Rottlerin 664 

Kouge,  jewellers* 364 

Buberythric  acid 686 

Bubian 077,679 

Bubidine 662 

Bubidium 309 

compounds  of  csesium  and  rubidium  309 

Butbenic  acid 382 

anhydride 382 

chloride 382 

oxide 382 

sulphide 382 

tetroxide S82 

Buthenious  chloride 382 

oxide 382 

Buthenium .     381-383 

history,  381 ;  natural  history,  ex- 
traction, properties,  382. 
compounds  of  ruthenium      .     .     .  382 
—reactions  of    ....      382-383 

oxides  of 382 

Butic  acid 597 

alcohol 558 

Butile  or  iron  tand 362 

Rutylene 536 


Safflowcr 679 

Saffron 679 

Sal  ammonino 311 

Sal  prunellc  balls 295 

Salicin 586 

Salii  ylic  acid G14 

alcohol 575 

aldehyde G45 

series,  acids  of  iho      .     .     .      613-614 

Saligenin 575 

series 576 

Saline  matters  in  the  air     .     .     .     .103 

Saline  Maters,  aperient 207 

Saliva 707-708 

composition  per  1000  parts  of  .     .  707 
Salt,  common  (sodic  chloride) .     .     .299 

Everitt's  white 617 

microcosmic ^\^ 

radicals,  generalisaUon  on  l\i©  .    ^1-^*1 
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Saltpetre 291,295 

ChiU 304 

Saltpetres  (nitrates) 274 

Salts 261-266 

in  solution,  action  of  acids  on  .    .     5 

— action  of  bases  on 6 

— action  of  salts  on 6 

in  urine 718 

effect  of  elasticity  upon  .     .    .    .     S 

varieties  of 256 

spirit  of 210 

Salto  allied  to  the  nitrates  .     .    .    .  278 

haloid 266-266 

— of  the  acids 694 

double 286-287 

— of  cyanogen 617-524 

-haloid 287 

— sulphur 287 

metallic,  of  acetic  acid    ....  601 
— action  of  ammonia  on  .     .    .    .220 

nitro-oxygen 277 

Salts  of  the  alkaline  metals,  reactions 

of  the 440 

of  aluminium 340 

of  aluminium,  chromium,  and  iron, 

reactions  of  the 446 

of  antimony 389 

of  arsenic 395 

of  barium,  strontium,  calcium,  and 
magnesium,  reactions  of  the .    .  442 

of  bismuth 373 

of  cobalt 334 

of  copper,  bismuth,  and  cadmium, 

reactions  of  the 451 

of  gold 401 

of  indium 338 

of  lead 412 

of  lead,  silver,  and  mercury,  reac- 
tions of  the 455 

of  magnesium 323 

of  manganese 327 

of   manganese,   zinc,   nickel,  atd 
cobalt,  reactions  of  the     .     .    .449 

of  mercury 423 

of  molybdenum 409 

of  nickel 33i 

of  osmium 381 

of  palladium 37^ 

of  platinum 40'^ 

of  potassium 29^ 

of  rhodium 38^^ 

of  ruthenium 3^': 

of  silver ^^  \ 

of  thallium 4^  . 

of  tin 3^* 

of  tin,  antimony,  and  arsenic,  re- 
actions of 452-4C^ 

of  uranium 31^ 

of  zinc 3J^ 

oxy-arsenicura 2^ 

oxy -phosphorus 28^ 

oxy-sulpho  salts 27 

oxy-salts 26^ 

— ^il\iva\\«a. 31^ 


UtSEZ. 


778 


I 


wo&d,  soda  from 
ncid     . 

biflic 


PAOl 
Salts,  oxj^\ta—^ntimm7. 
— cupnc  *  .  371  •372 

— of  iron      .     .  ,     ,  3oS 

—of  lead      ......      410-41G 

—of  mercury    .......  429 

— of  potoaaium 29^ 

— ofaUTer 420-421 

— ofsodiam      .......  301 

double  oxy*8alt8 287 

Sand,  nearly  pure  silica      .     .     .     .186 
8&adaradi  ....  >«34 

Santaline    ....  ^i79 

SaponificA^OQ  by  lime   ,     .     .  .635 

by  fit«am .     ,     , *  G36 

by  sulphuric  acid 635 

Saponin 688 

Sroiae  .'........  6a4 

>mo 602,634,694 

1  solutions ^02 

ola»  or  artificial  marbles      .     .321 
elie6le*s  acid,  preparation  of .    .     .610 

green 281,  372 

Sebeeiito    .........  432 

Sobtippe'fl  Bait      .......  393 

Scbweinf urt  green     .  284,  372 

Sderogen   ....  .     .  GS5 

*   ' » cement .  320 

-wtitPT,  analrsi'S  of  .  .  .   207*208 
.  ,  .  .  302 
.  .  .  .  C18 

.  .  -  .  181 

260 

2Q9 

aition,  testa      ......  269 

fitted  hydrogen ,     .     .     .     .     .227 

nhydric  acid  227 

8elemc  add;  1 63 

Selenide,  cutni  iQJ 

dihydrk  Jl? 

pltrmbu'  U2 

!F  265 

ivdroffen.     .     .     .     .227 

Jiif'iL'iiiulia  iiiihv'iride -  163 

elcnium     .'......     1G2-164 

hiftory,   natural  history,  prepara- 
tion,   162  ;    vftrielies,  162-163  ; 
profMjrtiea,  163, 
coiopoundB  of  selenium  and  o.\ygen .  163 
— selenium  and  chlorine .     .     .     .  164 

leparg^ylic  acid     ...  '118 

■■  pia     .....     .  liSO 

Eie '*ZZ 

buxnen    .     ,     .     ,     .  |J88 

jni,"  the  prefix     .     .  22 

Rcarbonate,  ammonic      .     .        312 

pichlonde  of  carbon    .     .     .     .181 

cblofides 257 

oxide  of  cobalt 333 

ckel 336 

oxides   .     ,     ,     .  212 

Bulphide,  arsenious  398 

ehromie  .....  561 

phosphorus  .....  162 

xdeeeae  .     .  .">33 

.^33 
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Seitioe  .     .     .     .     ♦ 536 

Shumoying,  mode  of     ,     ,     .     ,     .  637 

Shellac 554 

Shells,  composition  of 692 

Sienna   . 344 

SQica 186-187 

tynonyms,  natural  history,  186; 
properties      .     .     .     .     .      186-187 

SiUcates 285-286 

definition,  natural  history,  Tarie- 
ties,  preparation,  285;  proper- 
ties       286 

of  sodium 305 

aluminic 243 

double     .........  287 

magnesic 325  , 

Siliceous  waters  ....     ...  207  j 

Silicic  acid 187-188^ 

— preparation,  187  ;  properties^  188 

anhydride    ,     » 186  ( 

chloride  *........  186  i 

ethido .     .     ,  669 

ethykto  ........  669 

fluoride 189 

— synonym,  preparation,  proper  lies  189 
hydride  .........  235 

— aTnonym,preparatioQ,  properties  235 
bydrotricMorido    .     .     .     -     .     .188 

iodoform 189 

methide  .     ,*......  669 

moth  y  late 669 

mtride 190 

oxrchloridea     ...  188 

sulphide in 

tetrabromide      ...  .189 

tetratliiorid<j      .......  189 

tetrachloride 188  J 

— synonym,  preparationi  properties  188' 

tetriodide 189 

tribromide 189 

trichloride 188 

triodide 189 

Silicides 266 

Silico-fluoric  acid      .     .     .     .     .     .189 

Silica-formic  acid  or  Leukon    .     .     .100 
Silicon  or  Silitlum     ....      186-190 

hialory,  natural  history »  varieties, 
185  ;  preparation,  185-186  j  pro- 
perties, 186. 
compounds  of  silicon  and  oxygen  .  186 
^ot  silicon  and  tha  haluids  .     .     .   188 
—of  silicon  with  bromine^  iodine, 

etc 189 

—of  silicon  with  fiuorino     .     .     .189 

— of  hydrogen  and 236 

hydride  of     ........  235 

dioxide     ...  ,186 

adamantine  .     .  .185 

amorphons    .     .  .  185 

graphoidal     ....  185 

Silk .^<i^ 

Silver     , ^      w^.v^V 

417 -i\B. 
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aompotmdft  of  alrer  .418 

—of  ail  vex  and  oxy  gt  r  >  ^  ^-^  1 9 

— of  silver  iLod  chlorine  .  > 

^^f  BilTer  and  lulpkur  .  ^ 

oxy^tftltA  of  eilrer  .    .  ♦  i^ip-iil 

eitractioa  of ,  from  lead  ,     .     .     .  4U 
mctiotu  of  the  8alt«  of  «  15^ 

IffMnBO 

fhlminato  of 

ozidiE«d   .     ' 

flaoiide^     chloride,     titomiae    and 

iodide  of   .     . 
idtnto  of     .    * 
proCozideol 
sabehloride  of  . 
tubozideof  .  .  il8 

^vergHftzice    .  .  417 

em '6^^ 

81ito .  ^43 

IwmUienda ^3 

nloi   *    . ^3 

Smilt .    .    .    .    « 3S3 

gaoke  ntOBtnces  .174 

Bot^.    ...  oa4.G35 

Soda,     table     ihowing     penentd^ 

amount  of^  in  aqueous  solutiona 

of  TuiouaspeciEogtaTitiee    .    .730 

baU     -.,.......  302 

caoitio 289 

common  washing  .  .  303 

muriate  of     <     .     ^  .299 

platioate  of  ,  .406 

pboephate  of  .  30$ 

Sooteb      ....  «  302 

tungiute  of .    .    .  .433 

urate  of   ....  .  716 

Sodie  bypopho8phi<    .  •  282 

pbosphaa  .    »    .    .  .    .  IZ6 

Sodic  aceUte .  601 

anunonic  bydric  phosphate   .    *    .  313 
ammonio  aulpbate  .  .312 

bibonte  ....  .304 

bromide  ....  .301 

oarbonftte      ...  .  302 

— ^in  weU  watere  .  206 

chromjLte  .    .  .  Z$$ 

chloride    .    .  .299 


L  pbosph&te      *    .    .    .281 

diozido" 299 

Gthide 670 

bf  drate         299,  525 

bTponitiite    ...  *  278 

bjpoflttlphite      .     *  J  71, 302 

iodide  ...  .301 

manganate    .  ,  323 

melabismuthite 374 

metaphospbato   .....     282,305 

nitrate  ........    274»  804 

mtro-pruBude    .    .  .  h*il 

oxide jL*^,b^^ 

periodat«  ...  "^^^ 

platino- chlonde 


v^^ 


potanio  taftn!  n 

PTTO^tkOephftte 

inodic  chloride 
at&nnate  .     . 

eulpbate.    ...     t    -     - 

anlpbito •> 

thioeulphate  or  btpo«>'^^''^^^t'* 

tungitate     ... 
Sodium  >    .     .     .    . 

hutorj,  297;  nattxi^  \dsUaj, ! 

03ty«salt».     .... 

table  of  compoonda  of 

compounda  of  sodium  iritb  oxygm, 
and  b^rdioxyl     .... 

—of  sodium  and  the  balolda 

pboephatea 

silicates  of 

Soil,  aa  a  natural  diiinfsctaiit . 

Solanin 

Solids,  solubility  of,  itt  wmter  - 

ammiil    ,     .     .     .     .  ♦  '^ll 

8alubility  of  solids  in  w%U 
Solutive  water  (nitric^uadj . 
SolTentB,  acdon  of,  on  the  < 

Soot 

Sorbic  aeid      ... 

series,  acids  of  the . 
Sorbite  .... 
Spar,  beary  (bariam; 
Sparteia     .  ^  « 
Speoific  gravitiesv  tables  of .     ,    778*T 

— of  bodies^  afEnity  meanred  by 
reference  to  the,  1$. 
Specific  heats  of  demantary  bodka 
Speiss    .     .    . 
Spelter  (zinc)  . 
Spiuelle  ruby ... 
Spirit  makings  aleoboiic  fefSHmtatki ' 

in . 

Spint  of  salts  .     . 
Spirits  of  wino     . 
Spiritus  nitro-aeriiu . 
Spring  and  weU  wait 
Stannie  ari'^ 

chloridt^ 

ethide 

oxt ' 

gulp  may  ,     ,     .     . 
Stannous  ebloride 

ethide 

oxide . 

sulphide 
SUrch    , 

commoi; 

— preparatiuQ,  jirap'tue*,  :;ct 
heat«  aetton  of  acids, 
allralies,  aetion  of  b&ioid«,  i 

reactions.    .     .     . 
Starches 

natural  '  > 
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PAGE 

634 

I  acid 611 

ene 551 

'oparation  of     .     .    .     350-351 

1 667 

389 

667 

388,  393 

546 

oite 316 

oxide 317 

de 317 

m  310.317 

Y,  natural  history,  prepara- 
,  properties,  316. 

•imda  of 317 

8  for 317 

ms  of  the  salts  of  ....  442 

ine 653 

or 676 

321 

e 541 

the  prefix 22 

mretted  hydrogen  ....  228 

rides 257 

acid 618 

e  of  phosphorus     .     .     .    .131 

es 242 

tion,  inorganic 46 

c 47 

[lide  of  palladiam  ....  378 

nicacid 673 

nide 673 

acid 620 

aral     history,    preparation, 
perties,  distinctiye  reactions  620 
;tions 629-630 

acids  of  the     .    .     .     617-620 

aide 672,673 

680 

,  The 680-584 

12 

)r  sparkling  .  .  .  680-583 
iralhistory,  580;  preparation, 
-581 ;  sugar  refining,  581 ; 
Gerties,  681 ;  action  of  heat, 
ibility,  action  of  acids,  action 
alkalies,  682 ;  action  of  ozi- 
bg  bodies,  582-583. 

684-685 

ory,  preparation,  properties, 
on  of  heat,  584;  action  of 
Is,  684-586. 

585 

oral  history,  preparation,  pro- 

ies,    solubility,    action    of 

t,585. 

Lar  (grape  sugar)    ....  584 

d 585 

9 694 

lead 601 

reactions 690 

"  or  "  Sulpho,"  the  prefix  .    22 

timonates 393 

timoDJo  anhydride     .    .    .  393 


PAGE 

Sulphantimonite 417 

Sulphantimonites 393 

Sulphantimonious  anhydiide  .     .     .  392 

Sulpharsenio  acid 399 

Sulpharsenious  anhydride  ....  398 

Sulphate  of  copper 371 

of  diplatosamine 407 

acid  sodio 301 

alumioic 341 

ammonio 312 

argentic 420 

baric 269,273,316 

bismuthous .     .     * 374 

cxsic 309 

calcic 318, 320 

chromic 361 

cobaltous 334 

cupric 371 

dipotassic 295 

ferric 357 

ferrous 269,  356 

gallium 434 

hydrio  ammonio     ......  312 

hydriocsBsic 309 

hydric  -  potasaic,   a    dehydrating 

agent 506 

hydric  sodic 301 

indie 338 

lithic 308 

magnesio 324 

maaganous 330 

mercuric 429 

mercurous 429 

nickelous 336 

platinic 406 

plumbic 412,  416 

potassic  alumioic 341 

potassic  rhodic 380 

rhodic 380 

sodio 301 

sodic  ammonic 312 

stannic 385 

thallic 431 

thallous 432 

trimercuric 423 

tribasic 372 

zincic 56,  269,  332 

Sulphates 266-269 

definition,  natural  history,  varie- 
ties and  constitution,  266 ;  pre- 
paration, 266-267  ;  properties, 
267-268;  tests,  268  ;  uses,  269. 

allies  of  the 269 

mineral,  as  disinfectants.     .     .     .  494 

Sulphide,  aluminio 340 

ammonic  hydrio 311 

antimonious 392 

antimonic 393 

argentic 420 

arsenic 399 

auric 403 

aureus 403 

bismuthous 374,  375 

cadmio ^1^ 

ca\cic "^X^^^a^ 
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Snl  phide — eont  inutd, 

cbromic 3-58 

cupric 371 

cuprous *i70 

cyanic 611 

diammomo ♦     .     .311 

dihjdric 224 

dipotaaaio    ........  294 

ferrous     .......     356^  519 

hydrated  diammonic 311 

hydrie  sodic      .,.»-..  302 
indie  ,..,.,.,,,  338 

iridic 436 

iridioua 436 

isBgQBiic 32i 

mercuric 428 

mercurous    ........  429 

paUadic 378 

pallfldiouB 379 

platmic 40o,  408 

plntinous 405>  403 

plumbic  .     ,     , 416 

plumbous      . 4  Id 

pcjl^isstc  hjdiio  ......*  294 

nilheuie  .     * 382 

silim      ,190 

stannic -  387 

itannous .  387 

thallOQB 4;il 

thftilic 431 

titanic 362 

y.incic 332 

Sulpbido«    .......      262-263 

definition,  natutal  history,  prepnrn- 
tioD,  2C2 ;  propertic«,  263-2f>4  ; 
tests,  234  :  efitimation,  265. 

SulpUdic  acid 224 

Sulphite,  add 302 

argentic 273 

baric 273 

indie 338 

platinoua 405 

plumbic .  416 

8odi& 301 

Sulphites    ....,,...  273 
deBnitionf  preparation,  properties, 
tcMs,  UBGs,  273. 
Siilpho-  or  thio-  others  .     .     ,     .     .641 
Sulphocyanio  acid,  preparation  and 

properLies 516 

reacriona 624^  630 

Sulpbocyanatc,  amnionic     .     .     .     .616 
mercuric  .     .     .     .     .     .     .     .     ,  ol6 

plumbic 516 

potassic    .  516 

SulpbocyaniitfiSj  tt^sts  for  the  .  »  .524 
Sulphocarbonic  acid  ,  .  .  .  .  .  182 
Sulphochloride  of  phosphorus  .  .  .141 
Stilphodithionio  acid  .  .  .  ,  .  .150 
Sulphomolyhdic  acid       .     .     .     .     .409 

8iilpbo-plioiiyl-urea 662 

8ulpbo-plfttinat&s 408 

Sulpbo-sulphatea  .....      271-272 

SuJpho-Bulpburicacvd l&ft 

Sulphotrichloiido  (j^UospVonc^     .     .  \\\ 


Sulpho-urea     .     ,     , 

Sulphonic  acidj 

Sulphur UM{ 

synonyms,  143;  history,  143;  pre- 
paration,   144  ;    Tanetics,    144  ; 
properties,  145 ;  uses,  147. 
compounds  of  sulphur  with  oxygea 

and  hydroxyl 141 

— sulphur  and  the  haloids  «  .  .161 
— sulphur,  oxygcti,  and  the  Haloids  101 
— sulphur  ond  pho«x*horu8   .    .    .  U2 

—of  carbon  and iSl! 

— ^jopper  and 370-371 

— ^hydrogen  and     ,  ,    .  224 

—lead  and    .     .  .  lli 

-^mercury  and  .     .     .     ,  128-129 

— platinum  and  .  ,  .  ♦  .  .  408 
—potassium  and     .     ,     .     .      200-294 

— silver  and 420 

estimatioii  ofj  in  an  OTi^nic  body  .  473 
action  of  carbon  on  '.  *' ' 

— on  the  oxides      . 

oil  of ,     .     .     .    .  :  i 

volatile  spirits  of 14S 

Sulphur  an ratum .     .     ,     .     ,    .    .3*8 

chloride 161 

diehlorido 161 

dioxide 14 

salts,  double      ...... 

tetrachloride      •     .  ]rtf 

trioxide   .... 

urea    .....  >' - 

Sulphuretted  cr  hepatic  waterxi     .    -  ^07 
hydrogen       ......      214-226 

— ^action  of,  on  sulphides .    .    .    ♦  2*i 

hyposulpburic  acid      ,     ,     .     .    ♦  IW 

Sulphuric  acid       ....    47,  151-UT 

— synonyms,  history,  natural  his* 
tory,  151;  preparBtion,  151>ld3; 
varieties,  153-154 ;  impuritifsand 
teats  for  the  impurities  of  sul- 
phuric acid,    154;    pungeationr 
154;   proper  tie  J,  155-157;  uses, 
157. 
— tabU  showing  the  percenta^  of 
realt    corresponding    to  Tariaoi 
speeiflc  gravitiea  of  aqueous  sul- 
phuric acid     .     .     .     .     ,    ,    .  7^ 

— bos  no  action  on  nitric  auid  .  .  HT 
— anhydrous  .  .  .  ,  .  ^  .  Ifi^ 
— Nordhausen   .......  3^ 

^protobydrato  of l^l 

— and  water,  table  showing  tlio  heat 
and  condenB&tion  resulting  trom 

mixtures  of 156 

— action  of,  on  oxysulpho  salts     ♦  274 

on  organic  matters   .,.,507 

anhydride 16<>*l& 

— synonyms,  150  ;  preparation,  pro- 
perties, 151. 

oxide , 

— a  dehydrating  agent      .     .     . 
Stilphuroms  add    *..... 

-^tflsti,  uses . 

— 1*  Y'*'^^''^^ ''^^^^^^'^^  ^^"^ 
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PAGE 

8iilp]iiiroa»~«ofi^tnt/fi;. 

and  solpharic  acids 103 

anhydride 148 

— •ynonyms.  history,  natural  history, 
preparation,  148;  properties,  14*8-150 

waters ■     ...  207 

Snlpbnryl,  chloride  of 149 

dibromide 162 

dichloride 161 

bydroxyl  chloride 162 

Supersaturated  solutioa 202 

Sweat 720-721 

Sjcocerylie  alcohol 569 

aldehyde 645 

Symbolii  (chemical)  and  formula  .     .    23 


Tables  of  specific  gravities,  weights 

and  measures,  etc.  .    .    .     726-732 

analytical 440-462 

TaUow 634 

Tannic  acid 636 

reactions 630 

Tannin 586 

Tanning,  mode  of 637 

Tannins 636-637 

special  reactions 636 

Tar,  coal 500 

wood 502 

Bangoon,  or  rock  oil 548 

«« Tartar"  of  the  teeth 708 

Tartar  emetic 297 

Tartaric  acid 491,621-623 

— natural  history,  621  ;'coromeTcidl 
preparation,  yarieties,  622;  pro- 
perties, 622-623. 

— ^reactions 629 

series,  acids  of  the  .     .     .     .     621-623 
Tartrate,  potasfcic 297 

potassic  antimonious 297 

Tartrates,  double 287 

Tartronic  acid 621 

Taniin 710 

Taurocholio  acid 710 

Tawing,  mode  of 637 

Teeth,  composition  of  the    .     .     .     .  692 

Tellurates    : 271 

Tellarioacid 165 

oxide 165 

Tellarides 265 

Tellurite 164 

Tellurium 164-165 

history,  natural  history,  properties  164 

compounds  of  tellurium  and  oxygen  164 

T^urous  oxide 164 

Temperature,  standard 33 

average,  of  the  air  in  England  .     .    96 

influence  of,  on  solubility    .     .     .  202 
Terchloride  of  formyle 532 

of  iodine 91 

Terebene 550 

Terebenthene 550 

Terephthalic  acid 538,  624 
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Terminations 21 

Terpinole    .     .     .^ 550 

Tetra-allyl-ammonio  hydrate  .    .     .661 

Tetrabromide,  silicic 189 

Tetrabromobenzene 540 

Tetrabutyl-ammonic  hydrate  .     .     .  660 

Tetrachloride  of  iodine 91 

carbonic 180,  532 

dibismuthous 373 

iridic 436 

manganic 329 

silicic 188 

sulphur 161 

Tetrachlorides 257 

Tetrachlorobenzeno 540 

Tetrachloromethune 532 

Tetradecane    . 528 

Tetrafluoride,  silicic 189 

Tetrahydrio  pyrophosphate     .     .     .134 
Tetramethyl-ammonic  hydrate    .     .  660 

Tetramethylbenzene 537 

Tetramyl-anmionic  hydrate    .     .     .  660 

Tetramylene 633 

Tetrane.     .     .     .   ' 528 

Tetramitride,  trititanic 362 

Tetraphenylethylene 547 

Tetrasulpbide,  molybdic    ....  409 

Tetrathionates 274 

Tetrathioniu  acid 160 

synonyms,    history,    preparation, 
properties,  160. 
Tetrethyl-ammonic  hydrate    .     .     .  660 

Tetrethvlenic  glycol 576 

Tetriodide,  silicic 189 

Tetroleic  acid 611 

Tetroxide,  chromous  dichromic    .     .358 

dibismuthic 373 

nitrogen 110 

ruthenic 382 

triplumbic 55 

Tetrylic  acid 602-603 

Thallic  chloride 431 

iodide 431 

oxide 431 

salts 432 

sulphate 431 

sulphite 431 

Thallium    .......      430-432 

history,  natural    history,   extrac- 
tion, properties,  430. 

compounds  of 431-432 

— reactions  of  the 432 

chlorides  of 431 

oxides  of 431 

sulphide  of 432 

Thallous  carbonate 431 

chloride 431 

iodide 431 

nitrate 431 

oxide 431 

phosphates 431 

salU 432 

sulphate 432 

sulphide \*^v 

Tbebaiii^ ^'^'^ 
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TTwino  ,     *    - 653 

Thcniird'*  Wno 333 

Theobromine  »..,,,,.  653 
ThdrmooietGr,  table  for  converting 
dflj^ea  of  the  Coniif;ra*lo  into 
degrees  of  Fahronheifa  atulo     .  734 
wet  and  di7  buJb  ......    99 

Thermotic     prop&rtici     of     Ijodiea, 

cbnnges  in  the 4 

Tbiacotic  add .  002 

Tbio-aleobol    , 626 

Tbio- ethers Ml 

Tbionyl,  cbloride  of .     .     .     .      119,  IGl 
Thialdino   ,     ,     .  m:^ 

Thionuric  acid  717 

Tbiosulpbate^  argentic  .     ,     .     ,     .418 
calcic.     .......     158,  318 

Bodic 158 

Thioaulpbatea  orsulpho-aulpbate^  271-272 
Thiosulphuric  acid    ......  158 

ThorlauiiL  .....  .  M7 

Thymo! -  ^72 

Thymotic  aeid ,  *jMr 

Tbymylcarbonio  acid 6H 

Tbymylic  alcohol      »     .     ,     ,     569,  57- 
Time  of  combintition,  aflioity  mea- 

flured  by  the.     .     .     .     .     .     ,     17 

Tin 333-388 

history,  natural  history,  prepara- 
tion, 383;  proi)«rtios,  383-384; 
impuridea,  384 ;  usea^  3 84 -3 So. 

compounds  of 3S5 

— and  oxygen  .....  385-387 
— andaulpbur  .....  387-3$8 
reactions  of  the  salts  of  .     ,     .     .462 

pyrites 387 

aalt .386 

bichloride  and  tetrachloride  of  .     .  387 

binoxide  of 386 

disulphide  of    ......     .  337 

protochloiide  of 380 

protosulpbido  of 387 

protoxide  of 335 

«esq^uioiide  of  . 386 

sseBquisuipbide  of  .     -     .     .     .     .387 
*•  Tin  prepare  liquor  "  of  the  calico- 
printer 386 

Titanic  acid     ........  362 

anhydride 3C1, 3G2 

tihlorid^ ,     .     ,     .  3(53 

fluoride 362 

oxide 362 

aiilpliido 362 

Tiianoua  chlorid» .  365 

oxide 362 

Titanium    ,     .  .     .     ,     .     361-363 

history,  natural  history,  prepara- 
tiou,  properties  .     .     .     .     .     .361 

compounds  of  titanium    .     .     .     .362 

— of  titanium  and  oxygen  .  ,  .  362 
— of  tilanium  and  chlorine  .     ,     .363 

— rcaetioQ  of 363 

protoxidn  of 362 

sesquioxiOo  of  ......     .  'i^l 

tetrachloride  of,  ^^^ 
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Tokne 646,  647 

Toluene 637,  MI 

preparation,  properties    .         .    .  6U 
Toluic  acid.     ,     .     .  .    ,  611 

Toluidin©    ...  6€l,  605 

Toluyen©    ...  ^V 

Toluylic  alcohol  .     .     ,     .     ...  669 

Tolylauiine 661 

Topaz ,     .     340,341; 

Torula  cerDvisiie 484, 

Tragacanthin .    .  fil 

Trachyte 34 

Trehalose 683-5 

Trindelphio  typo 4€6 

Triallylamino  ........  661 

Triamines 662-663 

Trianiyl  Htibine 667 

Triamylamine 660 

Triamyleno 633 

Triargentio  phospbate  .     «     .    .     .118 
Triatumic  adds,  amides  of      .     .     .  673 

Tribaaic  acid 25-1 

phosphoric  acid  .135 

sulphate  ...  .  37i 

Tribenzylamino   .     ,     .  ,  061 

Triborethyl     ....  .069 

TribromacDtic  acid    .     .  .602 

Tribromide,  ailicic 189 

Tribromobenzeno.  .     .     .     .     ,  540 

Tributykminc 660 

Tricalcic  phosphate  ....     318,  522 

Tricflrballylic  acid    ......  625 

acrios,  acids  of  the     .     ,     .     .     ,  625 

Trichloracetic  acid 601 

Trichloride  or  TercHoride  of  phoa- 
phoma.     ........  1 

Trichlorido,  carbonic     .     .     .     .     .18] 

silicic.     .........  1 

Trichlorides     , .  25!^ 

Trichlorobenztjne 4&lOj 

Tricbloromethano     ....      532«5i 
preparation,  632-533  ;  properties, 
uses,  533. 
Tricupric  nitride  ,  370 

Trit^uiylanune    .  'Jfii 

Tridecane   ...  .  52<i 

Triethylamine.     .  .  6 

Triethyl  aiisine     .  ,     ,  6 

bigmuthine  ........  667 

carbinol 559 

phoRphino    . 666 

stibifie 667 

Trietbyleaic  glycol   .     ,  .575 

Trilluoride,  araenious  ,  395 

Trihydric  phosphate  .     .  .   I3i, 

Trihydride,  phosphorus  .  2: 

Triiodate,  potaesic     .     .  .2' 

Triiodido,  silicic   .  .  1 

Triiodometbaue    .  .5; 

Trilitbic  phosphate  ..... 

TrimeUitic  acid 6: 

Trimercuric  sulphate 4 

Trimethyl  araine 
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bjismbe .  660 

bjl  pbosphine     .  .     ,    «  666 

hyltftibmc  .  667 

'  ,  Mtrio  .  loa 

en 108 

242 

Moic  Jicid    ......  615 

TMoxycarballylic  Bcid 625 

TripheaylbenzenB      .     .     .     .     .     .  647 

Tripbenjl-rosamlino  (ftniline  bhitr)  .  665 
Tnplumbic  tetroxido  .  .  .  ,  ,  56 
ripotonic  &T^nito    .  .  284 

Ucalumiojite    .  .  340 

iio  pbosphate    .  .281 

aulphide,  dipolasfic  ,  204 

rdistannic      ....  .     .  38$ 

Imolybdio 400 

ffstilphodlth ionic  acid  .     .     .     .     .  160 
risulphuretted  hyposulpburio   acid  160 
Trithionatea      ........  274 

Trirhionic  acid 169 

Bjnonyina,    hktory^    preparation, 

propertiea      , l*^^ 

rititunic  tetnmitrido     *     ,     .     .     .  362 
bixylylamine      .......  661 

Dngstitej 270-271,  433 

'  definition,  270  ;  uses  .     ...»  271 

'      jsten    .......     432-433 

Malory »  preparation*  pro- 
*  perties,  422  ;  oxides  of  tungsten^ 
432-433 ;  tbe  tungstates  .     .     .433 

Itxwtic  acid 433 

SjUiydride ^     .     .  433 

TuQgstouB  oxide .432 

"  *  679 

[l*iblu©    .....    617,620 

I  yellow 414 

ne  aoriea    ....   636,  540*561 

_eiiM   *     .     ; 49 

Nrpentine,  Englisb,  from  the  Scotch 

Hr ,     .  549 
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^■Yenioei  from  the  larch  ....  549 
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Tranatea     .     .  ...  337 
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kO*ide .337 

itim 336-337 

natural  history ^  prppara- 
336;  propertie$,  336-337 ; 
337. 
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— ^reactions  of 337 
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oxychloride .     .     ,  -^37 

Uranoua  chloride .     ,  137 

oxide  .....  337 

Uranyl  oxide  .     .     .     ,     .     ...  337 

Urate  of  ammonia    ......  719 

of  soda 716 

Urea  ...    49,  654,  662.  094,  714-716 
constitution,  714;  preparation,  714- 
716;  properties,  715. 

tests  for .  676 

Uric  acid    ......  715-717,  719 

preparation,  716 ;  properties,  716; 
some  products  of  the  oxidation 
of  uric  acid,  716-717* 

reactions 628 

Uiinary  calculi     .....      719-720 

Urine 712-720 

composition,  712-713;  pmp^rtiea, 

713;  constiiuenl(»,  714-719. 
average  compodition  of  normiJ,  and 
average  quantity  of  tho  vurioos 
constituents  excreted  in  twenty- 
four  hours    ..,..».  712 
spirit  of 218 

Y. 

Valerianio  acid     .....        603 
Valeric  acid    -......-  603 

oldehvdc 643 

Valcro-lactic  acid      .     .  006 

Valeryleno ....  ')36 

Yalylene     ....  536 

Vanadates  .........  284 

Vapor  density  ......     474-475 

^determination  ol  vapor  densitiea 

476-477 
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Vapor,  aqueous,  table  of  the  tension  of  736 
Vanricite     .........  328 

Vegfct-ftlbumen 688 

Vpgetiible  chemLstry       .     .     .      6S3-687 
Venetian  red    ...     .  364 

Vcratriue    .....  663 

Vinogar,  French  wine        .     .  .491 

English  malt    . 492 

spirits  of      ........  600 

springs  of  volcanic  didtricta ,     .     .151 

Vinic  alcohol .504 

Vinous  fermentation  .     .  484 

Vinylio  serioa  .     .  5rj7*569 

alcohol    ....  <'^68 

Viridino      ...  ^^^ 

Viacous  foniicTAsv\AVi\\      ....     .  ^^fe 
VitaVily,  m^ueaoo  <A>  «o.  t\i«sC%w^      ^^ 
atUon *     • 
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Vitellin 689 

Vitriol 161 

green 269,  356 

white 269,  332 

iron 356 

lead 416 

oil  of 151 

spirit  or  essence  of 151 

Vitriolic  acid 161 

phlogiBticated 148 

Volatile  alkali 218 

Volume 30 

Vulcanite 656 


Wad 328 

"Water •     •     •      196-208 

—history,  natural  history,  prepara- 
tion,   195;    composition,    195- 
197;  properties,  197-206. 
common   (rain,   spring  and  ^ell, 
lake  and  marsh,  and  river)     206-207 

mineral  wateis 207 

sea 207-208 

for  drinking  purposes      ....  208 

of  constitut.on 205 

of  crystallization 205 

molecule  of 46 

as  a  natural  disinfectant ....  493 
action  of,  on 

— alcohol 664 

— alkaloids 649 

— bone 693 

— bromates 278 

— carbonates 285 

—chlorates 278 

— chlorides 258 

—fluorides 261 

— iodales 278 

—iron 352 

—lead 411 

— the  motals 245 

— nitrates 276 

— the  oxides 243 

—oxides  of  nitrogen 114 

— phosphorus 128 

— silicates 286 

—sulphates 2G8 

— nitric  peroxide  on Ill 

in  blood 703 

in  urine 714 

Weights  and  measures,  table  of  Eng- 
lish       732 

Weld,  or  luteoline 678 

White  lead,  preparation  of      .     .     .416 
White  precipitate 426 
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Wine,  spirits  of 564 

Wine-makingy   alcoholic   fermenta* 

tion  in 490 

Witherite  (baric  carbonate)    .    .    .314 

WoUranium 432 

Wood,  products  of  the  distillation  of  501 
Wood  or  pyroxylic  spirit  ....  562 
Woody  matter 685 

X. 

Xanthia 664,679,719 

Xylene 537 

Xylenol 669 

Xylic  acid 612 

Xylidic  acid .  624 

Xylidine 661 

Xylilio  acid 612 

alcohol 669 

Xylylamine 661 
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Teast,  a  complicated  ferment  .    .    >  ^^\ 

Yellow,  chrome ^f 

Yellow  coloring  matters     .     .    .    .  ^1^ 
*  *  Yl "  and  « iTe,"  the  terminations .       ^* 

Yttrium ^** 


Z. 

Zaffre ^^^^l 

ZeoUtes ^  *^ 

Zinc 330-^-  ^^ 

history,  natural  history,  330 ;  pre- 
paration, 330-331 ;  properties, 
uses,  331.  -« 

compounds  of 332-3     '     ^c^ 

reactions  of  the  salts  of    ....  4        '  qi 

Zincic  acetate ^^^^2 

ammonic  chloride ^^^^0 

amylide ^^^-^3 

carbonate ^^^^^2 

chloride ^^^^?6 

— a  dehydrating  agent     ....  5(^^d3 

cyanide 511, 6U-^^o 

cthide ^'^""^^Q 

methide 67  ^^.7 

oxide 33  ^^9 

sulphate  .     .     .«   .     .     .66, 269,  33       ^^ 

sulphide 33      ^ 

Zirconic  chloride 34  L 

fluoride 34     1 

Zirconium 24^^ 

Zymotic  or  ferment  diseases    .     .     .  48"'^^ 
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